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Thirty  years  of  attention  to  ham  requirements 
have  resulted  in  a  complete  line  of  reliable, 
high  quality  components  geared  especially  to 
your  needs-  The  "S"  series  of  audio  and  power 
transformers  and  reactors,  designed  specific- 
ally  for  ham  and  PA  service,  are  completely 
matched  for  compatibility  in  constructing  a 
rig.  These  are  popular  priced  units  which  afford 
the  ham  the  full  benefits  of  UTC's  established 
excellence  for  quality  components  coupled  with 
high  reijispity. 
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MARS  HF  Mixer  and  Amplifiers WA4K1H 

Also  good  for  putting  your  triband  rig  on  15  or  10. 

Two  Element  Weeping  Willow 

for  15    . WA8MVR 

Perfect  for  novice  DX'ers. 

Frequency  Measurements  for  Hams  .  -  W6BLZ 

Receive  VLF,  too, 

VHF  Parametric  Transistor  Multiplier    W6GXN 

Experimenters  must  read  this  one.  A  scoop,  of  course. 

How  to  Get  Your  Extra  Class  License    W5TOM 

Here's  the  easiest  way  to  do  it. 

A  Transistor  Analyzer  Using  FET's 

It  checks  hii,  hi2/  h^i  and  h22- 

A  Field  Effect  Voltmeter  .  , 

Here's  a   real   transistorized  VTVM:   22  M   input   re- 
sistance* 

An  FET  Audio  Compressor  .  ,  . K3VNR 

Use  FET's  for  high   input  impedance. 

The  Kindly  Keyer   *-**.....,...•  WB6AIG 

This  IC  keyer  uses  a  commercial  PC  board. 

Save  That  Transistor!  ,  ,  . K9VXL 

Defective  transistors  as  zeners  and  varactors?  Sure! 

Lambda  Lines W2DXH 

Scraps  of  twinlead  a  make  good  lecher  lines. 

Designing  Transistor  RF  Amplifiers   .  .  .  Ttiorpe 

Good  info  for  the  serious  experimenter. 

A  75  Watt  Twoer  Linear Kl  CLL 

It  uses  Bill's  favorite  Compactron. 

A  Better  Sideswiper  for 

Electronic  Keyers W6BLZ 

Your  cat  will  like  this  one. 


ace  Your  81 1's  with  572B's  .  .  .  WB2EPG 

The  right  way- 

UB5UG's  Five  Band  Vertical   WSFAZ 

It's  pretty  clever — and  simple,  too. 

Don  Miller  DXploring 

The  life  of  leisure  on  a  lush  tropical  island, 

Gus:  Part  13   , W4BPD 

Gus  keeps  rolling  along* 

SPECIAL  BOOK  FEATURE 

Coaxial  Cable  Handbook WA6BSO 

This   book  will   onsv^^er  your  questions  about   coax 
and  provide  o  useful  reference  to  all  types  of  coble. 
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Amateur  radio  convention? 

Have  you  ever  considered  the  possibility 
that  we  amateurs  could  be  self -goveni trig? 
Suppose,  for  example,  that  a  yearly  national 
convention  was  ]\v\d  for  the  review  of  our 
hobby  aud  that  the  actions  of  the  delegates 
to  the  conventif)!!  were  held  binding  on  us  alb 
Clubs  around  the  country  could  send  a  dele- 
gate to  represent  tlieir  interests.  This  would 
encourage  club  activities  and  would  get  most 
active  amateurs  to  join  clubs  in  order  to  have 
a  say  in  tlieir  rules. 

The  convention  might  nm  similarly  to  the 
i  nternatioual  eorif  erences  with  committees 
being  established  to  sort  out  the  ideas  and 
present  the  result  of  tlieir  study  to  the  con- 
vention for  vote. 

We  ml  gilt  have  a  committee  to  study  con- 
tests and  recommend  clianges  in  rules  or  even 
the  elimination  of  no  longer  needed  contests. 
They  might  also  suggest  needed  contests.  Ob- 
viously the  members  of  the  committee  wonld 
be  those  interested  in  contests.  The  certificate 
hunters  could  liave  their  committee  and  on  a 
yearly  basis  hasli  out  their  problems  and  keep 
up  to  date.  Ditto  the  DXers,  RTTYers,  traffic 
nets,  and  every  other  phase  of  amateur  radio. 

Maybe  every  other  year  would  be  enough. 
It  sounds  like  a  lot  of  work.  I  do  tliink  it 
w^ould  get  a  lot  more  fellows  interested  in  the 
running  of  amateur  radio  and  that  the  end 
result  would  be  much  faster  progress. 

If  we  were  to  set  up  such  a  convention  or 
conference  system  of  changing  our  rules  I  am 
quite  sure  that  we  would  find  tlie  FCC  quite 
willing  to  go  along  with  it.  We  biow  darned 
well  that  the  FCC  doesn't  like  the  present  rule 
making  system.  If  we  give  them  a  reasonable 
alternate  I  think  they  would  buy  it. 

IiitrLidcrs 

One  of  the  difTic  ult  and  growing  iiroblems 
in  amateur  radio  is  the  intruder.  This  takes 
the  shape  of  niv  sterious  RTTY  signals  ruiujing 
endlessly,  obviously  commercial  C\V  signals 
or  just  plain  short  wa\e  broadcasting.  While 
we  are  reasonably  sure  that  such  sigrials  in 
our  20  meter  band  are  illegal,  we  are  never 


de 

W2NSD/1 


iiev^r  say  die 


sure  of  those  down  on  40  or  80  meters  and  w 
hesitate  to  make  an  issue  of  their  activit 
when  we  are  not  sure  of  our  owm  gronnt 
We  know  that  the  ITU  agreements  do  includ 
some  sort  of  sharing  arrangement  for  thos 
lower  bands  so  we  are  cautious.  I 

The  lack  of  agressive  retaliation  to  this  ir 
trusion  has  encotiraged  stations  in  conn  trie 
who  take  their  ITU  commitments  lightly  (c 
who  are  uncommitted  at  all)  to  step  in  and  n 
our  bands  wherever  we  permit  the  QHM  levi 
to  acctimmodatc  them.  Perhaps  I  might  d 
gress  for  just  a  bit  at  tliis  point  to  throw 
pointed  barb  at  the  champions  of  QRP. 
agiee  with  them  that  it  is  indeed  delightfi 
to  work  100  countries  using  100  watts  powe 
and  if  they  find  this  entertaining  I  agree  thf 
they  should  continue  to  do  what  is  fun  fc 
them.  But  I  think  that  they  should  not  fei 
at  all  pious  about  this  little  hohlw  of  theii 
and  try  to  shame  others  intn  following  the: 
example  i'm  it  is  the  high  power  stations  thf 
are  holding  our  frequeucies  for  us,  not  th 
QRPers,  As  socm  as  the  QRM  level  drops  th 
commercials  move  in.  Though  I  do  not  advr 
cate  the  use  of  higher  than  legal  powers  b 
operators,  I  do  think  that  we  would  hav 
Httle  to  lose  and  much  to  gain  if  the  work 
wide  power  lev^el  were  set  at  one  kilowat 
Thirty  years  ago  this  was  a  bit  hard  to  ger 
erate,  but  lodav  it  is  hardlv  out  of  reach  c 
any  average  amateur. 

What  can  \\r  do  about  the  intruders?  Fin 
of  all  we  can  organize  ourselves  and  detei 
mine  to  keep  our  ham  bands  for  hams,  W 
know  of  several  methods  of  ridding  oin'selve 
of  unwanted  signals  and  I  am  sure  that  a  littl 
thouglvt  and  asking  around  will  turn  up  som 
more  practical  approaches  to  the  problem, 
certainly  woukl  be  interested  in  publishin, 
any  infonnation  available  on  the  stibject  am 
will  do  all  1  can  to  help  coordinate  any  effort 
that  organize. 

The  number  one  approach,  of  course,  is  t 
find  out  as  much  about  the  intruding  signal 
as  possible  and  report  them  to  our  own  go\ 

(Continuecl  an  page  88) 
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International's  "FLYING  SHOWROOM  66" 

will  visit  your  area  soon. 
Welcome  aboard  this  fabulous  electronic  flying  display. 

uring  1966,  International's  Martin  202  Flying  Showroom  will  tour  cities  through- 
jt  the  United  States,  bringing  with  it  displays  of  International  electronic  equip- 
lent  and  products,  plus  a  technical  staff  available  for  consultation.  ■  A  space 
ge  electronic  show  for  Amateur  Radio  operators,  radio  experimenters,  hobbyists, 
itizens  Radio  dealers  and  users,  commercial  2-way  radio  operators  and  manufac- 
irers  requiring  special  electronic  products.  ■  If  you  are  a  manufacturer,  radio 
quipment  dealer.  Amateur  or  Citizens  Radio  Club,  or  other  interested  groups, 
'e  will  attempt  to  schedule  a  specific  time  and  date  to  visit  your  area.  Watch 
)r  announcement  or  write  International  Crystal  Manufacturing  Co.,  Inc,  for  details. 


Discuss  your  technical  and  engineering 
requirements  with  International's  staff. 
See  how  International  electronic 
products  can  work  for  you. 
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INTERNATIONAL 


CRY5TAI-   MFG.   CO.^   INC. 

18  North  Lee 
Oklahoma  City,  Okta.    73102 
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Helping  out 

One  thing  hams  have  always  been  famous 
for  is  helpfulness.  Hams  have  helped  out  in 
emergencies,  for  public  events,  for  service- 
men's phone  patches  arid  iii  muiiy  other  ways. 
They  also  used  to  help  out  young  haras  and 
others  interested  in  amateur  radio.  Tn  fact,  at 
one  time,  most  hams  got  their  knowledge  of 
electronics  and  amateur  radio  from  older  hams 
who  were  glad  to  help  out-  But  things  have 
changed  a  lot  now.  You  can  be  licensed  even 
without  tallcing  to  a  ham.  Needless  to  say, 
hams  who  get  on  tlie  air  tliis  way  tend  to  be 
ignorant  of  old  ham  traditions,  whether  die 
traditions  be  good  or  bad.  They*re  often  im- 
polite on  the  air  and  operate  flieir  equipment 
improperly^  causing  interferenuu  to  other  hams 
or  lo  other  services.  Why?  Because  they  don*t 
know^  any  better.  They  can  memorize  the  li- 
cense manual  and  study  books  and  listen  to 
code  records,  but  that  can't  teach  the  things 
an  older  ham  can.  The  example,  teaching  and 
friendliness  of  otlier  knowledgeable  hams  can 
do  far  more  to  improve  the  competence  and 
attitude  of  hams  than  having  to  take  a  govern- 
ment test  can. 

So  what  can  be  done  to  try  to  help  young 
hams?  The  best  way  is  probably  through 
strong  local  radio  clubs.  A  good  club  witli 
plenty  of  acti\  ities— hamfests,  auctions,  con- 
tests, club  building  projects,  GOOD  speakers, 
demonstrations,  participation  in  Field  Day  or 
VHF  Parties,  a  good  newsletter— can  attract 
plenty  of  hams  and  prospective  hams,  Encou- 
I'age  newcomers:  welcome  them  to  the  club, 
show  them  how  to  do  things^  give  thera  old 
parts  and  tell  them  how  to  use  them,  in%ite 
them  to  visit  your  shack,  teach  them  the  code, 
give  them  old  books  and  magazines  (they  can 
have  a  free  sample  of  73  if  they  write  us), 
give  tliem  good  advice,  en  coinage  them  and 
set  a  good  example.  You'll  find  that  it  won't 
be  long  before  they're  pretty  good  hams. 
Harnining  is  a  social  hobby.  It's  more  fun  with 
other  hams  to  visit  and  work  with  than  with 
just  talk  on  the  air.  There's  no  substitute  for 
personal  contact  and  encouragement. 


And  in  line  with  this  need  to  help  H 
hams,  I  mentioned  in  May  tliat  we  at  73  cs 
answer  the  many  technical  questions  w-e 
from  the  readers,  K6HPR  suggested  that  m 
be  he  and  a  number  of  EE's  or  other  qualiJ 
hams  would  be  willing  to  help  answer  qi 
tions  about  ham  radio*  If  you'd  like  to  h 
out  and  tliink  you  can,  why  not  send  y 
name  and  ciualiJications  in  and  well  see  w 
can  be  done.  Maybe  each  month  we  co 
publish  a  list  of  people  willing  to  help  < 
It  might  take  a  lot  of  time,  but  the  w^ork  ^ 
be  very  rewarding. 

The  ARRL  Handbook 
and  semiconductors 

I  often  read  and  use  the  ARRL  Amat 
Radio  Handbook,  If  any  single  pub  Heal 
could  be  considered  the   '1>ible*'   of   amat 

radio,  it  must  be  the  Handbook**    I  can 

1 

imagine  any  ham  shack  without  at  least  * 
of  its  many  editions,  and  most  hams  seem 
get  a  new  one  every  few  years.  But  ther^ 
one  thing  about  the  Handbook  that  botlj 
me.  It's  not  tliat  the  Handbook  seems  rt 
a  textbook  or  project  book  tlian  a  handbc 
Or  tliat  the  yearly  editions  are  so  similar.  V.i 
radio  theory  changes  very  slowly,  if  at 
and  the  main  object  of  the  book  is  to  prov 
a  useful  reference  with  enough  change  to 
courage  hams  to  buy  a  new  copy  ev^ery  1 
years. 

But  I  really  am  boUiered  by  the  Haiidbot 
treatment  of  semiconductors,  Wliy  does  it  i 
tually  ignore  most  current  communieati 
practice?  Any  casual  obser\^er  of  electrot 
can  see  that  semiconductors  have  been  i 
are  being  accepted  b>  all  branches  of  e^ 
tronics  as  rapidly  as  economics,  jjerforma 
and  (most  important)  engineering  talent  alL 
The  reasons  are  ob\dous.  Semiconductors  1t| 
many  advantages  over  tubes  for  most  ui 


(Continued  on  page  118) 
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♦The  ARRL  refei^  to  QST  as  the  bibk*   liut  that  e* 
a   peculiar   analogy   to   me. 
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CONVENIENCE  ENGINEERED  HAM  GEAR 
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COAXIAL  ANTENNA 

with 

AUTO 


SWITCH 


ATIC 
GROUNDING 


;    A 

Another  first  from  Waters!  Now,  as  easily  as 
you  switch  from  beam  to  dipole  •  •  .  from  40 
meters  to  75,  you  can  switch  your  entire  an- 
tenna system  to  ground  with  the  newest  addition  to  our  line  of  coaxial  switches,  PROTAX^ 
automatic-grounding  coaxial  antenna  switch!  Designed  with  the  same  advanced  engineering 
skill  that  outmoded  all  other  coaxial  switches  two  years  ago,  PROTAX  is  another  giant  step 
forward  in  "Convenience  Engineered"  ham  gear  by  Waters.  In  effect,  PROTAX  is  two  switches 
in  one  .  ,  •  a  regular  antenna'selector  switch  with  power-carrying  capacity  of  1,000  watts  that 
becomes  a  grounding  switch  for  all  antennas  (leaving  the  receiver  input  open)  when  the  rig 
is  not  in  use.  In  two  distinctive  models:  #375  —  six  position  and  ground  with  back  connectors; 
#376  —  five  position  and  ground  with  connectors  in  radial  arrangement.  (#376  has  its  own 
wall-mounting  bracket.) 
Model  375  ...,.  $13-95  Model  376 „..,„„.  $12.50 


*M 


1 


mHeM 

AUTO- 
MATCH 


You'll  boost  your  sig- 
nals up  to  4  db  wirh 
AUTO-MATCH,  the 
built-to-iast  mobile 
antenna.  Operates  all 
bands  with  only  a 
change  of  Top-Center 
loading  coils  •  .  .  has 
rugged  new  fold-over 
hinge  .  •  ,  fits  any 
standard  base  or 
bumper  mount. 
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Model  3002 
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PRICES 


MAST   370  1    ... 
RADIATOR   TIP 

370-2   ,, 

COIL  370-75 
COIL  370*40 
COIL  370-20 
coil  370-15 
COIL  370-11 
COIL  370-10 
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$12,95 

.  9.95 
1 5  95 
14,95 
13.45 
12.75 
1 1 .95 
11.95 


REFLECTOMETER 

Amazing  new  REFLEC- 
TOMETER tells  you  fcot/i 
forward  and  reflected 
power  in  RF  watts  on  every 
transmission-  Two  sepa  rate 
scales  insure  accurate 
readings  to  1000  watts. 
VSWR  easily  determined^ 
too!  Complete  with  direc- 
tional coupler  and  cable. 

Model  369 $115.00 


Wz^^  UNIVERSAL 

HYBRID  COUPLER  II 
PHONE  PATCH 

The  ultimate  in  phone 
patches  providing  effort- 
less, positive  VOX  opera- 
tion ,  ,  ,  and  it  also  con- 
nects tape  recorder  for 
both  IN  and  OUT.  Built-in 
Waters  "Compreamp"  in- 
creases low  telephone  line 
signals  while  simultane- 
ously preventing  over- 
modulation.  "Compre- 
amp"  also  operates  alone 
{without  patch)  with  sta- 
tion mike. 

Model  3002 $69.95 

(less  battery) 

Model  3001  $49.50 

(without  ''Compreamp") 
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WATERS 

MANUFACTURING  INC 

WAYLAND,    MASSACHUSETTS 
WATERS  PRODUCTS  ARE  SOLD  ONLY  THROUGH  WATERS  QUALIFIED  DISTRIBUTORS 
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Copt,  Glen  Bentz  WA4KIH/AFB4KIH 
Mojor  George  Dodge  W40PL/AF40PL 
Rt  2.  Box  53 
Charleston  Heights,  S.C. 


MARS  HF  Mixer 
and 

This  mixer  takes  80  to  10  meter  input  and  puts 
out  a  kiloivatt  on  1.5  to  27  MHz  for  MARS  operation. 


If  there  is  one  tiling  most  amateur  trans- 
mitters are  not,  it  is  truhj  all  band-  Most  hams 
who  are  introduced  to  the  MARS  program 
find  that  their  equipment  \s  not  designed  for 
operation  outside  the  liam  bands.  This  poses 
a  problem:  Do  I  alter  my  existing  equipment? 
Do  I  attempt  to  use  siirphis  equipment?  Do 
I  buy  new  equipment?  Existing  ham  equip- 
ment can  be  altered  in  some  cases  but  can  it 
be  altered  without  some  lf)sses  in  operating 
flexibility  efficiency,  etc,?  Besides  many  op- 
erators do  not  wish  to  alter  late  model  equip- 
ment. Using  surplus  gear  is  ok  if  you  can  find 
something  late  enough  to  be  state  of  the  art, 
sideband,  and  not  a  TVI  generator.  To  buy 
new  equipment  with  all  band  capability  costs 


§$$  and  you  don*t  find  that  in  the  old  junk 


Glen  and  Cevrge  are  pilots  in  the  Air  Force. 

George  dedgned  both  of  the  utiits  and  built 
the  60  ivatt  amplifier.  Glen  built  the  mixer 
ami  the  kilowatt  amplifier,  and  wrote  the  proj- 
ect up. 


Like  many  inventions,  this  circuit  was  de- 
vised out  of  necessity-  This  station  was  oper- 
ating a  low  power  all  HAM  BAND  transmit- 
ter. Then  came  MARS  and  the  necessity  of 
being  able  to  operate,  preferably  with  some 
power,  on  frequencies  other  lliun  those  cov- 
ered by  a  ham  transmitter.  The  resntt  could 
hardly  be  called  a  compromise.  The  unit  de- 
signed and  built  gives  any  liam  band  tians- 
mitter  truly  all  band,  high  power  operation 
Without  alteration  of  the  existing  equipment. 
It  wiU  operate  from  1.6  to  30  MHz,  at  legal 
maximum  power,  and  best  of  all,  most  of  the 
parts  were  dug  out  of  a  w^ell  stocked  jimk  box. 

Circuit  description 

The  principle  is  simple  and  tried.  The  fre- 
quency conveiler  is  a  device  by  which  a  fre- 
quency correspond ing  to  the  input  signal  is 
translated  to  the  desired  output  frequency.  A 
frequency  converter  is  also  known  as  a  f re- 
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osc. 

6AH& 


MIXER 
&560 


Fig.  K  Crystal  oscillator 
and  mixer  that  gener- 
Dtes  low  level  output  to 
drive  the  frnoL 
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quency  translator  or  frequency  mixer*  All 
these  names  are  descriptive  of  the  function  in 
which  two  RF  voltages  are  icd  into  a  device 
which  produces  a  complex  output  wave  from 
which  the  sum  or  difference  frequency  com- 
ponent may  be  selected.  Normally,  mixing  or 
Frequency  convension  takes  place  at  low  power 
levels,  on  the  order  of  500  mw  to  1  watt. 
However,  in  this  particular  instance  the  fre- 
[juency  conversion  takes  place  at  a  consider- 
ably higher  power,  and  is  then  furtlier  ampli- 
fied. 

The  circuit  is  fairly  slraiglitforward  and 
^ollows  well  established  principles.  The  6AH6 
Colpitis  crystal  oscillator  was  selected  because 


of  its  excellent  stability  characteristics.  Output 
from  the  oscillator  is  fed  to  the  grid  of  a  6360, 
used  as  a  mixer  stage,  through  a  variable 
trimmer  condenser  to  facilitate  mixer  grid 
drive  adjustment* 

Selection  of  the  n>ixer  tube  and  circuit  had 
to  meet  certain  condititmsi  have  sufficient  out- 
put to  drive  an  amplifier,  be  small  in  physical 
size,  have  higli  enough  plate  dissipation  to 
idle  with  oscillator  drive  applied.  The  6360 
met  all  these  conditions.  With  the  screen  and 
grids  at  DC  ground  the  lube  is  biased  below 
cut-oir  for  operation  in   llje  non-linear  region. 

Since  catliode  drive  must  be  about  20  times 
that  required  fur  grid  drive,  tlie  oscillator  sig- 
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'ig,   2,   4CX250R  kilowatt  amplifier  for  HF  MARS  or  horn  frequencies. 
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Fig.  3.  "Low  power"  6DQ5  amplifier  for  those 
who  don't  want  or  need  a  full  kilowatt.  The  un- 
nnorked  loadfng  capacitor  is  500  pf. 

nal  is  fed  to  the  grid  and  the  exciter  signal  is 
fed  to  the  cathode, 

A  combination  of  exciter  impedance  match, 
swamping,  and  signal  voltage  divider  is  used 
in  the  cathode  input.  The  output  of  the  mixer 
is  link  coupled  to  the  amplifier  grid  t^mk.  This 
was  done  for  three  reasons;  an  additional 
tuned  circuit  to  further  attenuate  unwanted 
mixer  products,  isolation  of  the  amplifier  grid 
circuit,  and  ease  of  neutralization. 

When  the  unit  is  used  as  a  straight  amplifier 
on  the  bands  covered  by  the  exciter,  the  os- 
cillator screen  and  plate,  and  mixer  plate  volt- 
ages are  switched  ofl:,  the  amplifier  grid  tank 
is  switched  out,  and  the  exciter  input  is 
switched  to  a  passive  input  network.  The  ex- 
citer now  feeds  through  the  passive  network 
directly  to  the  amplifier  grid. 


The  ampHfier  section  is  a  straightforward 
class  ABl  linear  employing  a  pau  of  4CX250R 
tubes.  The  output  is  a  pi-net  using  a  modern 
vacuum  variable,  an  ancient  roller  coil,  and  a 
standard  variable  capacitor. 

The  final  touch  was  the  addition  of  an  SWR 
bridge.  This  is  placed  in  the  circuit  such  that 
it  is  usable  even  v^heil  the  exciter  is  operated 
''bare  foot."  Bare  foot  operation  is  accom- 
plished simply  by  not  turning  on  the  B+. 

The  power  supply  can  be  designed  around 
the  builder*s  junk  box.  The  circuit  shown  util- 
ized what  was  available  at  this  station,  A  few 
items  should  be  kept  in  mind.  The  screen 
supply  to  the  6AH6  and  the  4CX250R  should 
be  regulated.  The  grid  bias  to  the  final  must 
be  adjustable  to  properly  set  the  operating 
parameters  for  ABl  operation.  The  plates  of 
the  6AH6  and  6360  should  not  exceed  300- 
VDC, 

Construction 

This  particular  unit  was  built  on  a  13x17x3" 
chassis.  The  vertical  height  was  kept  down  to 
fit  behind  an  8^  inch  front  panel. 

The  parts  layout  is  shown  in  the  photo- 
graphs- The  various  sections  are  all  shielded 
with  solid  alunriinum  sheet  stock.  The  high 
voltage  supply  and  final  RF  sections  are 
shielded  with  perforated  stock  for  personal 
protection  from  the  power  supply  and  RF 
shielding  of  the  amphfier  section.  The  final 
giid  tank  coil  is  mounted  in  a  *'tin"  can.  The 
lid  being  attached  to  the  chassis  around  the 
coil  socket,  and  the  bottom  of  the  can  slipping 
onto  the  lid  thereby  completely  shielding  the 
coil  unit. 

Neutrahzation  is  accomplished  with  a  stub 


Bock  view  of  the  high 
power  mixer-amplifier* 
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You  Will  Pay  Over  A  $100  More  For  A  Com- 
parable 6 -Meter  SSB  Transceiver  And  Still 
Not  Receive  The  Quality,  Value,  High -Per- 
formance Features^  And  Protection  Against 
Obsolescence  Included  In  the  Heath  SB -110 

9  Built-in  VOX  at  no  extra  cost  •  Upper  &  lower  side- 
band or  CW  operation  •  Bui!t*ln  100  kc  crystal  calibrator 
at  no  extra  cost  •  Oscillator  Mode  switch  for  VFO 
transceiver  xtal  control  transceive,  or  xtal  control  trans- 
mit —  vfo  receive  (ideal  for  net  operation)  •  2.1  kc  SSB 
filter  with  superior  2  to  1  shape  factor  ♦  Built-in  side- 
tone  for  CW  operation  •  The  famous  Heath  LMO  (Linear 
Master  Oscillator)  that  provides  tuning  linearity  with 
1  kcdialcatibratton  »  ,  *  stability,  and  calibration  accuracy 
never  before  found  on  six  •  Sophisticated  triple  con* 
version  circuitry  •  Low  cost  companion  AC  and  DC 
power  supplies 

Here's  Tlie  180-Watt  PEP.  170-Watt  CW  Input  Trans- 
ceiver That  Sets  The  Pace  For  All  Future  VHF  SSB 
Transceivers,  The  Heath  SB-lIO  provides  full  VOX,  PTT, 
&  CW  operation  on  six  with  the  same  selectivity,  stabil- 
ity, and  performance  already  made  famous  by  the  H^th 
SB-Series  equipment  on  80*10  meters.  Choose  the  ap* 
propriate  power  supply  and  go  fixed  or  mobile.  Discover 
for  yourself  the  pleasure  of  operating  the  most  advanced 
VHF  transceiver  in  amateur  radio  . , .  the  satisfaction 
of  owning  a  truly  high-performance  6  meter  rig  you 
have  assembled  yourself. 


PARTIAL  SB-no  SPfC(F1CATI0NS™RiCEIVEK  SECTIONt  Santiflvlty; 

OJ  uv  for  10  db  signal-plus-noise  to  fioiSfi  folio^  Selectivity:  2A  kc  @ 
6  db  down,  S  kc  max.  @i  60  6b  down.  Imtige  rejection;  SO  db  or  better. 
JF  rejection:  50  db  or  better.  Audio  oufput  po¥/er:  \  w<iff.  AGC 
choroclerUlics;  Audio  oufput  level  vories  Jess  than  12  db  for  50  db 
change  of  inpuf  signal  levet  (0.5  uv  to  150  uv).  TRAKSMIfTlR  SECTION: 
DC  power  input:  SSB,  160  wafts  P£F;  CW.  150  wotts.  RF  power  output: 
SSB,  100  woiii  P£P,  CW,  90  wortt  (50  ohm  non -reactive  loodj.  Output 
jnnpedonce:  50  ohm  fvominol  with  not  more  than  2:1  SWR.  Corrier 
tuppression:  55  db  down  from  rated  outpyt.  Unwunled  wideband 
Kuppresiion;  55  db  down  from  roted  output®  1000  cps  &  higher,  Dis- 
tortion producti:  30  db  down  from  rated  PEP  output.  Hum  &  noiior 
40  db  or  beHer  below  roted  corrier.  Keying  chorocteritficf:  VOX 
operoted  fj-om  keyed  tone  u^ing  grid-block  keying.  GENERAL:  Fre<tuency 
coveroge:  493  to  54.0  fnc  in  500  kc  segmefirs  (50.0  to  52.0  mc  with  cryifols 
supplied).  Frequency  (election:  Sgilt-in  LMO  cr  crystal  control.  Fre- 
quency slobtJity:  Le$(  Ihon  100  cpsdriff  per  hour  after  20  minutes  wormtrp 
under  normal  ambient  conditions.  Less  than  100  cpi  drrf^  for  ±10%  supply 
vcitage  variations.  DIol  Accuracy;  Electricoi,  wifhm  400  cps  on  alJ  band 
segments,  ofier  colibralion  ot  nearest  100  kc  poirit.  Visual,  wilhtn  200  cps. 
Diol  bockloih:  No  more  than  50  cps.  Cotibratton:  Every  100  ke.  Power 
requirements:  High  voJtage,  4-700  v.  DC  @  250  mo  with  1%  mex. 
ripple.  Low  voltage, +250  v.  DC  fe  100  ma  with  .05%  mox.  rippb,  B\q% 
voftage,  — 115  v.  DC  (ii  10  ma  with  3%  mo*,  ripple.  Filament  voiiage, 
12.6  V.  AC/DC®  4,355  amps.  Dimentiont:  U5^i'  W  ic  6W  H  x  13%'  D. 


Kit  HP-13,  Mobile  Power  Supply.  7  lbs* 

Kit  HP-Za,  Fixed  Station  PDwer  Suppry,  19  lbs.,. 
Kit  SBA-100*1,  Mobile  Maunting  Bracket,  6  lbs. . 
Kft  SB-SOO,  SB  Series  Speaker.  5  lbs 
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Kit  HS-^4,  Mobile  Speaker,  4  lbs,, ,,.,.,....,. , .  ,$T,00 
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D©s(;rit>6S  ih^m  and  over  250  other 
Heathkita.  Save  up  to  50^  by  build- 
ing Uiem  yourself.  Use  coiipon  and 
mnd  for  your  FREE  copy  \ 
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Fig,  4.  Power  suppfy  for  the  mixer  and  high  power  amplifier.  The  bios  pot  marked  500  K  should  be  5K, 
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5J 

6.1 

73— 
8.0— 
8.5— 
9.0—  9.6 
9.4 — 10.0 
9.9 — 10.5 
\QA — I  1.0 
10.9 — IK5 
1L4 — 12.0 
11,9—12.5 
12.5 — 13.1 
13.0—13.6 
13.5 — 14.1 
14.5 — 15.1 
1  5,0 — 1  5.6 
15.4—16.0 
15.9^16.5 
16.4 — 17.0 
16.9 — 17.5 
17.4-^18,0 
17.9 — 18,5 
18.4 — 19.0 
18.9 — 19.5 
19.4—20.0 
19.5—20.7 
20.5—21.7 
21.5—22.7 
22.5—23:7 
23,5—24,1 
24.0—24,6 
24.5 — 25J 
25.0—25.6 
25.5—26,1 
26.0 — 26,6 
26.5—27.1 


Crystol 

Frequency 

MHz 

12.5 

12.0 

1K5 

11.0 

10.0 

9.5 

9.0 

8.5 

10.0 

10.5 

1L5 

12.0 

12.5 

12,0 

6.0 
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7.0 

7.5 

8.0 

8.5 

8.5 

8.0 

7.5 

6.5 

6.0 

8.5 

9.0 

9.5 

10.0 
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ILO 
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12.0 
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9.0 

8.0 
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6.0 

9.5 

10.0 

10.5 

11.0 

11.5 

12.0 

12.5 

fxeifor 

FreirpTcy 
MHz 


14.0^ 
T4.0- 
14.0- 


]4,6 
14.6 
14.6 


14.0—14,6 
14.0 — 14.6 
14.0 — 14.6 
14.0^14.6 

14.0 — 14.6 
3.4 —  4,0 
3.4 —  4/0 
3.4—  4,0 

3.4 —  4.0 
21,0-21.6 
21.0 — 21,6 


3.4— 

3.4— 

3^4^ 

3.4 — 


4.0 
4.0 
4.0 
4.0 
4.0 
3.4-^  4.0 
21.C^2L6 
21,0 — 21.6 
21.0 — 21.6 
21.0—21.6 
21.0— 2  K6 


6.9— 

6^9— 
6.9— 
6.9 — 
6.9 — 
6.9— 


7.5 
7.5 
7.5 
7.5 
7.5 
7.5 

7.5 
7.5 

7.5 


6.9— 
6.9 — 

6.9— 
28.5—29.7 
28.5 — 29.7 
28.5—29.7 
28.5—29.7 
14.0 — 14.6 
14,0—14,6 
14.0 — 14.6 
14.0 — 14.6 
14.0 — 14,6 
14.0 — 14.6 
14.0 — 14.6 


of  wire  positioned  near  the  plate  of  the  4CX- 
250R,  but  sliielded  from  the  ba?ve  and  screen 
grid  of  the  tubes. 

Coil  dimensions  are  given  only  as  a  rough 
guide,  as  these  will  vary  with  builder's  layout, 
parts  placement^  frequency  requirements^  etc. 
A  grid  dipper  should  be  used  for  adjustment 
of  all  coils. 

Selection  of  the  cry.stal  frequency  will  de- 
pend upon  the  exciter  injection  and  the  output 
frequency  desired.  In  order  to  liave  unwanted 
mixer  products  attenuated  as  much  as  possible 
the  oscillator  and  exciter  frequencies  must  be 
as  far  as  possible  from  the  desired  output  fre- 
quency. The  frequency  table  shows  a  hst  of 
cr\^stal,  exciter,  and  output  frequencies  that 
meet  these  requirements. 

First,  using  a  grid  dipper  adjust  the  oscil- 
lator coil  to  resonate  at  the  cry?!tal  frequency. 
Then  adjust  the  mixer  tank  to  resonate  at  the 
desired  output  frequency.  Apply  powder  to  the 
oscillator  and  mixer  sections  only*  Clieck  the 
oscillator  for  resonance  and  adjust  the  trimmer 
to  drive  the  mixer  to  20-25  ma.  Next,  inject 
the  signal  iroin  the  exciter  until  the  mixer 
plate  reads  40-50  ma.  Then  tune  the  mixer 
coil  for  maximiun  on  the  desired  output  fre- 
quency. NOTE;  No  dip  in  the  niLxer  plate 
current  will  be  found  at  the  desired  output 
frequency.  Since  there  will  be  dips  at  other 
frequencies,    some    output    indicating    device 
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must  be  used  to  tune  for  maxiniumj  sueh  as 
a  pilot  bulb  aiid  a  loop  of  wire,  or  neon  light. 
I  Next,  the  grid  circuit  of  the  amph'fier  should 
be  resonated  for  maximum  output,  WITHOUT 
PLATE  OR  SCREEN  VOLTAGE  TO  THE 
FINAL.  Now  the  amplifier  must  be  neutral- 
ized. With  a  sensitive  output  indicator  (RF 
probe  and  VTVM  was  used)  tune  the  final  to 
maximum  output.  Adjust  the  position  and 
length  of  the  neutrahzing  stub  to  obtain  mini- 
mum feed-through^  keeping  the  grid  and  final 
tanks  at  resonance. 

After  neutralizing  is  complete  the  screen 
and  plate  leads  may  be  connected  and  power 
applied  to  the  final  without  exciter  input.  At 
this  time  set  the  static  plate  current  to  140  ma 
by  adjusting  the  bias  control  pot.  The  ampli- 
fier mav  now  be  loaded  into  a  50  ohm  dummv 
or  antenna,  Witliout  drive  from  the  exciter, 
the  oscillator  Is  adjusted  to  resonate  by  a  peak 
on  the  mixer  phite  meter  at  20-25  mils.  Drive 
from  the  exciter  is  then  adjusted  to  40-50  mils 
on  the  mixer  plate  current.  Using  the  grid 
tiuu'ng  condenser  load  the  4CX25()lVs  to  500 
mils  keeping  the  screen  current  at  or  below 
0  ma.  The  screen  current  will  read  slightly 
below  0  ma  until  ajiproaching  maximum  out- 
put. It  will  then  drop  to  below  —10  ma,  then 
increase  rapidly*  Load  to  0  ma  screen  current 
and  to  500  ma  plate  current  keeping  the  final 
at  resonance  with  reference  to  the  relative 
power  output  meter.  When  operating  SSB, 
screen  current  should  not  be  allowed  to  peak 
above  +2  ma< 

When  using  only  the  amplifier  straight- 
through  on  ham  bands,  suitth  ofi^  the  power 
to  the  oscillator  and  mixer  sections.  The  ex- 
citer then  provides  the  drive  and  tune  up  pro- 
cedures  remain  the  same  for  the  final. 

Using  the  parameters  mentioned  above  the 
power  output  of  this  unit  was  nieasmed  at 
650  watts  into  a  50  ohm  antenna*  Attenuation 
of  unwanted  signal  products  was  found  to  be 
25  db  or  better  do\\^* 

Conclusion 

This  particular  unit  is  the  end  result  of 
three  units  designed  and  built  using  these 
mixer  principles*  The  second  unit  could  well 
be  of  interest  in  cases  where  a  smaller  low 


power  unit  may  be  desired.  That  particular 
unit  is  designed  in  the  same  manner  except  it 
has  no  provision  for  straight  amplifier  opera- 
tion and  it  uses  one  6DQ5  tube  operating 
ABl  linear.  Using  essentially  the  same  cir- 
cuitry, the  operating  parameters  for  the  6DQ5 
are:  700  VDC  on  the  plate,  150  VRDC  on 
tlie  screen,  20  ma  static  plate  current,  load  to 
150  ma,  Tiiis  gives  an  input  of  about  150 
watts  PEP  and  a  measured  output  of  60  watts 
into  a  50  ohm  antenna. 

Both  units  are  being  operated  on  AM  and 
SSB.  The  smaller  unit  is  also  being  operated 
on  RTTY  and  is  used  both  bare  foot  and  to 
drive  a  Ileathkit  SB~200  amplifier.  These  units 
both  put  out  a  beautiful  clean,  clear,  and 
faithful  reproduction  of  the  exciter  signal  The 
larger  imit  is  dual  purpose  for  those  who  do 
not  already  have  a  K\\^  finaL  The  smaller  unit 
can  be  used  where  the  station  does  not  re- 
quire high  power.  Either  unit  will  make  any 
amateur  band  transmitter  truly  all  hand.  So 
pick  a  rock  J  sling  an  antenna,  and  we'll  see 
you  around  the  bands. 

,    ,    .  WA4KIH,  W40PL 
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Fig.  5,  SWR  bridge  and  control  circuits. 


"BALUN"  FED  INVERTED  'V  ANTENNA  KITS 

-  SIMPLE-TO-INSTALL,  HI-PERFORMANCE  ANTENNA  SYSTEMS: 


KW 
KW 


P.E.P.    Mono  Band    K»t 
P.E.P*   Mono  Band    Kit 


IKMBIV/SIK $21.95 

2KMBXV/81K,*.  »26,95 


*Kit  comprises,  encapsulated,  **Balun,*'  copperweld^  insulators, 
plus  instaliatian  and  adjustment  instructions  for  any  Mono- 
band  80  thru  10  Meters.  Also  available  2,  3,  4,  5  Band  Models. 
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TELREX  LABORATORIES 

ASBURY  PARK,   N.X   07712 
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Build  this  shortened  beam  easily  and 
inexpensively  and  get  excellent  results. 


Terry  Shank  land  WA8MVR 
270   Fleming   Rd. 
Cincinnati,   Ohio   45215 


Simple  Two  Element 
Weeping  Willow  for  Fifteen 


What  is  a  \\  eeping  Willow?  Just  a  vagi  with 
bent  elements,  making  it  half  as  wide  as  it 
would  noimaOy  be.  Will  it  work?  Well,  the 
first  time  I  put  it  on  the  air  1  got  a  new  coun- 
try, Ireland,  5X9  on  15  meters.  Another  Irish 
ham  called  me  when  1  finished  witti  tJie  Rxst^ 
a  situation  to  which  I  am  not  accustomed  (he 
gave  me  5X9,  too).  This  was  early  in  the 
morning,  when  the  East  dominates  15-  Listen- 
ing to  a  WB6,  I  found  that  his  signal  dropped 
about  3  S  units  oflF  the  side  and  nearly  4  units 
off  the  back.  Satisfied?  Read  on. 

I  have  a  lousv  location.  In  anv  direction, 
the   antenna   faces   houses   and   fiftv-foot   tall 

m 

trees.  There  is  a  hiU  peak  about  sixty  yards 
to  the  west  My  40  meter  dipole  at  forty  feet 
did  a  fair  job.  However,  1  wished  for  some* 
thing  more.  My  two  himdred  watts  PEP 
couldn't  hold  its  own*  The  Weeping  WiDow, 
even  at  its  present  height  of  only  twenty  feet, 
gives  me  several  advantages,  among  them: 

1.  Rotatability;  Ever  wished  that  you  could 
rotate  your  dipole  to  get  a  lobe  on  a  good 
DX  station? 

2.  Unidirectionality:  It  sure  is  wonderful  to 
cut  down  those  Sixes  when  I  want  to  liear 
Europe.  And  that  gain!  Less  QRM  a>ming 
m  and  more  oomph  going  out 

3.  Small  size:  If  your  mounting  area  is  as 
small  as  mine,  you  will  appreciate  the  size 
of  this  antenna,  1  have  a  hole  in  lliu  trees 


Terry  is  a  senior  in  high  school  and  hell  enter 
Brown  University  in  the  Fall,  He  likes  to  DX. 


that  is  barely  big  enough  for  a  6  meter 
beam^  much  less  a  15  meter  beam-  This 
antenna  has  the  width  of  a  quad  with  one- 
half  the  height*  The  turning  radius  is  only 
seven  feet. 
4.  Low  cost!  Even  if  you  must  buy  all  the 
materials  involved,  the  cost  should  be  about 
fifteen  dollars.  Thi.s  isn't  bad  for  what  vou 

get. 

The  Weeping  Willow  is  formed  as  in  Fig,  1. 
This  antenna  was  mentioned  in  an  article 
about  a  quad^.  The  elements  are  the  same 
length  as  those  of  a  yagi*  However,  one-fourth 
of  the  element's  length  on  each  end  is  bent 
downward  90'',  Thus,  my  15  meter  version  is 
approximately  eleven  feet  across  instead  of 
twenty-two,  and  five  and  one  lialf  feet  tail. 
Of  course,  this  bending  makes  a  15  meter  ver- 
sion a  one  band  antenna.  For  those  so  in- 
cliried,  a  20  and  10  meter  antenna  could  be 
built  with  traps  at  the  bends,  a  two  band  an- 
tenna the  size  of  a  10  meter  beam  (how  about 
a  40  and  20  version;  it*s  only  thirty-three  feet 
across).  Mine  is  two  element  because  of  the 
size  and  cost,  but  you  might  like  three  or 
more.  I  used  -15  wavelength  spacing  between 
elements  as  recommended  bv  the  ARRL  An- 

m 

tenna  Book.  The  antenna  in  the  picture  cost 
me  about  $2,15  because  I  had  almost  all  of  the 
necessary  materials  on  hand.  There  is  only  one 
big  reciuirement  to  be  met  with  my  version: 
the  elements  must  be  above  ground  on  the 
metal  boom.  This  is  not  due  to  the  antenna 
design,  hut  to  the  ma  telling  section  described 
later.  A  gamma  or  "T"  match  would  not  have 
this  restriction.  For  anvone  who  does  not  have 
the  materials  I  used,  tlie  possibility  of  a 
wooden  boom  niiglit  be  investigated,  A  Ust  of 
the  dimensions  for  those  who  do  not  have  a 
handbook : 


driven  element  {in  feet)  — 


468 


ireq.  in  MHz 


reilcclor   (at  ,15  wavelength  spacing)— 


Ffg.  L  Configuration  of  the  elements  of  the  weep- 
ing willow. 


^David  Morgan.  K6DDO.  *'Three  Elements  on  Three 
Bands,"  73,  July,  1963,  P.  fi2. 
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ise. 


501 


freq.  ii.  MHz    ^'^"-^^^^  '"  ^^^^^ 

riiere  shoiildn't  be  much  of  a  problem  in 
ilding  lliis  antenna.  All  that  is  necessary  is 
lay  out  the  tubing,  cut  to  length,  bend  in 
E  proper  places,  fit  together,  mount,  and  run 
the  mast.  My  antenna  went  together  with 
major  mishaps  (very  unusual)  and  only 
J  mistake  (the  driven  element  is  bent 
jhtly  too  far  in)*  I  hasten  to  add  tliat  this 
S  the  first  antenna  tliat  I  have  ever  built 
!h  the  exception  of  my  dipole.  Anyone  wor- 
d  about  duplicating  my  feat,  forget  it;  if  I 
1  do  it,  you  can  too. 

Now  for  that  match.  It  is  quite  simple,  costs 
le,  radiates  well^  and  needs  only  one  adjust- 
mt  I  took  this  straight  out  of  an  old  73-. 
r  those  of  you  without  that  issue,  here  are 
J  instructions  (maybe  Fig.  2  will  help): 

Cut  a   length   of   RG8/U   to   the   formula 

z 7—-—-——  lengdi  in  feet 

freq,  in  MHz 

Determine  exact  center  and  cut  off  the 
outside  cover  for  about  an  inch  in  each 
direction.  Do  not  slice  the  coax  in  half. 
Now,  cut  die  braid  at  the  exact  center  (the 
braid  only,  please)  and  gather  each  side  of 
the  braid  into  a  clump.  To  this  you  can 
solder  tlie  feedline  (RG8/U)  or  an  SO-239 
female  coax  connector,  I  just  soldered  the 
feedline;  you  may  not  want  so  permanent 
an  inslallation. 

Now  trim  the  insulation  on  the  ends  of  the 
line.  Solder  the  braid  to  the  center  conduc- 
tor at  each  end. 

Tape  all  exposed  joints  well  so  that  they 
will  not  be  aff^ected  by  weather.  You  now 
have  a  K  wavelength  folded  chpole. 

Bin   Driml.   W6NAT,   ''Infinite   Impedance   Antenna 
itch/'  73,  March.  1963,  PP,  20-21. 


This  match  has  several  advantages,  but  also 
requires  a  few  things  of  the  builder.  First,  it 
would  be  best  if  you  mounted  this  match  in- 
side the  tubing  of  the  driven  element*  \V6NAT 
says  that  you  can  mount  it  on  the  outside  of 
the  tubing  if  it  is  larger  than  the  i,d.  of  the 
tubing,  but  it  is  best  to  put  the  match  inside. 
Second,  the  driven  element  must  be  cut  into 
two  halves.  Just  slice  it  in  the  middle  and 
mount  as  two  pieces  a  few  inches  apart  (this 
also  helps  if  you  want  to  mount  the  match 
inside  the  tubing).  The  ends  of  the  match 
will  just  about  reach  the  bends  in  die  ele- 
ments. This  requirement  should  not  bother  a 
person  honiebrewing  tlie  beam,  anyway. 
Third,  the  elements  most  be  momited  above 
ground  or  the  metal  boom  as  already  men- 
tioned* Last,  a  100  pf  variable  capacitor  must 
be  mounted  in  series  vrith  the  center  conduc- 
tor to  tune  out  the  reactance.  I  use  a  Match- 
box and  tins  does  the  job  for  me.  The  capaci- 
tor can  be  mounted  at  the  antenna  or  the 
transmitter^  Please  consult  the  article  by 
W6NAT  if  you  become  thoroughly  confused. 

By  now,  all  the  OTs  with  six  element 
beams  and  eighty-foot  towers  must  be  howling 
at  my  misadventures.  I  wrote  this  article  not 
for  them,  but  for  people  like  me*  I  had  never 
built  an  antenna  such  as  this  one,  Monev  does 

IP 

not  flow  in  plentitude  from  my  pockets  (I  did 
have  a  simfimer  job  which  paid  for  an  SSB 
transmitter,  though).  There  is  only  one  small 
hole  in  which  I  can  mount  an  antenna.  To 
tell  the  truth,  I  was  afraid  that  my  efforts 
would  end  with  the  world's  biggest  lemon 
(Tm  only  seventeen  and  not  yet  full  of  the 
confidence  of  years).  However,  the  Weeping 
Willow  went  together  easily,  which  was  a 
miracle,  and  works  fine,  I  must  add  that  I 
have  not  tuned  it  at  all.  I  just  built  it  and  put 
it  up.  Who  knows  what  could  happen  if  some- 
one would  reallj^  try  to  match  it  to  perfection. 
I  don't  know  the  exact  gain  or  front-to-back 
ratio,  but  the  antenna  fulfills  all  of  my  hopes. 
Right  now  it  is  only  t^venty  feet  alx)\^e  the 
ground,  but  it  easily  outperforms  my  forty- 
foot  high  dipole.  I  can't  wait  to  get  it  up  to 
forty  feet. 

.  .  ,  WASNmi 
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•  solder 


Fig-    2<    W6NAT's    infinite    impedance    match    as 
used  in  the  weeping  willow. 
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Ed  Marriner  W6BL2 
528  Colima  Street 
La  JoIIq,  California 
Dave  Ablowich,  Jr.  W60C 


Precision  Frequency 

Measurements 

for  tiie 
Amateur 

A  general  discussion  of  accurate  frequency  for  hams  with 
practical  notes  on  reception  of  very  low  frequency  transmissions. 


The  expanding  uses  of  radio  Imve  forced 
tighter  accuracy  and  stabilit>'  tolerance  on 
every  radio  ser\ice,  inchiding  the  aniatetir. 
Rigid  frequency  tolerance  specifications  have 
necessarily  produced  new  components,  sys- 
tems and  measiirenient  tecliniques.  It  is  now 
possible  to  measure  frequency  to  a  higher 
degree   of  accuracy   than   any   other  physical 


f  A»  SASIC 


(B)  IMPROVED   MODIFICATION 


fC>  BASIC   MDOIFICATlOK 


Fig,  K  Basic  Pierce  crystal  osciflators.  Values  of 
resistors  ond  capocftors  will  naturally  depend  on 
the  individual  tube  or  transistors  used. 


quantity. 

A  logical  question  is:  Does  amateur  radio 
need  precise  fi\tj^uenc\  measurements?  This 
leads  to:  Jtist  what  does  precise  mean^  as  used 
here?  Faced  with  questions  like  these,  the 
measnrernents  man  on  the  receiving  end  of 
them  invariably  asks:  W'hat  are  the  require- 
ments? 

Amateurs  have  often  led  in  the  develop- 
ment of  communications  techniques  and  have 
adapted  complex  systems  to  their  needs.  FCC 
regulations  require  that  each  amateur  station 
maintain  a  means  of  measuring  the  transmiter 
frequency,  independent  of  the  transmitter  fre- 
quency control.  Depending  upon  the  require- 
ments this  might  be  a  temperature  controlled 
quartz  crystal,  a  calibrated  receiver  or  even 
an  absoq^tion  wavemeter.  What  are  you 
using? 

Accurate  frequency  measinements  might  be 
justified  simply  to  protect  the  licensee  against 
possible  FCC  citations,  Ou  the  positive  side 
they  are  useful  for  setting  up  nets  and  making 
them  easy  to  operate,  for  schedules  to  put 
transmitters  and  receivers  right  on  the  spot  for 
immediate  CW,  sideband,  or  teletype  contact, 
or  for  making  quick,  accurate  frei|uency 
changes  to  a  hole  in  crowded  bands.  For  the 
technical  experimenter  and  builder  tliey  are 
especially  use! ul. 

A  sideband  carrier  frequency  may  be  oper- 
ated within  ten  hertz  of  the  band  edge  if  it 
will  stay  there,  and  the  reduced  carrier  ade- 


Note :  Herts  is  now  tha  *' approved"  term  for  cycles  per 
second.  Thus,  Ha  ia  eqiiivalent  to  eps,  kHz  to  kc,  and 
MHk  to  nic. 
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g.  2.  Frequency  comparison  using  high  frequency 
onsmissions  from  WWV. 


pately  suppressed.  Unless  the  real  stability  of 
le  generated  carrier  is  known  with  confi- 
ISnce  such  operation  would  be  unwise,  Ques- 
enable  performance  of  a  costly  sideband 
KStem  may  result  from  frequency  shifts  that 
)ust  be  measured  in  hertz.  Most  owners  of 
uch  equipment  having  such  trmible  would 
pbably  return  it  to  the  factory  with  instruc- 
bns  to  "make  it  work  or  send  my  money 
ack'',  or  perhaps  "no  more  payements". 

The  phis  or  minus  20  hertz  stability  re- 
|iiirement  for  good  sideband  performance  and 
*erfect  duplexing  is  only  one  part  in  100,000 
tolerance  1  x  10-^)  at  2  NfHz.  In  the  10 
aeter  band  it  is  2/3  part  in  10*=  or  6J  parts 
1  10^.  This  accuracy  can  be  acconiphshed  by 
^ing  as  a  reference  equipment  made  \¥ith 
urplus  parts  in  modern  circuits.  It  is  so 
imple  and  easy  to  have  a  frequency  standard 
nd  accessories  of  this  capability  these  days 
hat  there  is  no  reason  to  be  without  such 
.selul  gear. 

Unfortimately,  we  can  not  buy  apparatus 
i^hich  a  manufacturer  can  guarantee  unre- 
ervedly  as  producing  a  refrence  frequency  of 
his  order,  whether  we  buy  it  in  one  piece  or 
lut  it  together,  A  reliable  source  of  correct 
requency  is  needed  to  put  the  gear  "on  the 
lose"  and  keep  it  there.  To  maintain  the  toler- 
nces  mentioned  hams  mav  use  their  old 
riend  WWV, 

Like  everything  else,  WWV  services  liave 
)een  improved,  but  radio  propauation  char- 
icteristics  have  not.  Calibration  instructions 
vhich  usnally  read  something  like  *'adjust  the 
eceiver  for  clear  reception  of  \V^W  suggest 
he  recipe  for  rabbit  stew  wliich  begins,  "first 
atch  your  ^abbit*^  In  spite  of  the  fact  that 
he  emniLssions  leave  the  transmitter  accurate 
o  a  part  in  10^*,  and  are  maintained  very 
tably,  the  average  comparison  against  \\  \VV 
s  reliable  only  to  a  part  or  two  in  10'^,  By 
tu dying  the  problem,  choosing  the  best  re- 
reived  frec[uency  and  the  best  time  of  day* 
iccuracy  of  the  order  of  a  few  parts  in  10^ 
nay  be  established— if  the  crystal  oscillator 
Iso  has  this  order  of  stability.  The  ordinary 
sveryday  sort  of  beat  comparison  with  WWV 


is  suitable  for  most  amateur  crystal  standards 
used  for  reference. 

With  a  stable  oscillator  being  compared  at 
any  of  the  WWV  frequencies,  except  perhaps 
20  or  25  MHz,  an  aural  beat  is  not  close 
enough.  Under  most  conditions  a  zero  beat  is 
not  reliable.  Most  ears  are  quite  un selective 
below  about  60  Hz;  besides  it  is  sometimes 
hard  to  decide  between  a  slow  beat  and  a 
fade.  The  simplest  substitute  is  a  sensitive 
milliammeter  connected  to  the  demodulator 
output  through  a  filler  witli  a  cut-oil  fre- 
quency somewliere  below  about  10  Hz, 
UsuaUv  a  resistor  of  about  47k  ohms  and  a 
capacitor  of  about  0.5  aF  will  do  tlie  job* 

Military  communications,  navigation  sys- 
tems%  timing  systems  for  rouketry  and  space 
vehicles  have  need  for  better  reference 
sources.  Such  activities  often  require  controls 
that  must  be  maintained  within  a  part  in  a 
billion  (1  p/lO'')  or  better,  W^VV  high  fre- 
quency l>roadcasts  are  useless  for  calibrating 
such  precise  systems  because  of  the  influence 
of  propagation  ccmditions.  Means  that  have 
been  developed  for  pro\nding  suitable  refer- 
ences also  provide  the  amateur  with  highly 
reliable,  easy  to  use,  standard  frequency  trans- 
missions, 

A  bit  of  history  and  a  discussion  of  recent 
developments  form  a  necessary  prelude  to  the 
inlurniation  to  follow.  So  to  proceed  as  briefly 
as  possible^  There  was  a  time  when  all  but  a 
small  portion  of  wireless  communications  was 
done  with  wave  lengths  of  30,000  to  10.000 
meters.  We  now  say  10  kHz  to  30  kHz  and 
call  this  band  very  low  frcqucnvy  (VLF).  The 
low  frequencij  (LF)  band  is  30  to  300  kHz, 
The  Navy  has  long  used  VLF  and  maintains 
several  transmitters  in  the  band  below  30  kHz. 
Thev  are  able  to  communicate  world  wide 
when  magnetic  or  ionospheric  storms  disable 
the  higher  frequencies.  Because  of  the  nature 
of  those  emissions  modem  equipment  in  sub- 
marines can  receive  them  while  submerged. 
Systems  have  been  developed   for  stabilizing 
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Fig.  4  18  to  20  kHz  notch  filfer  and  antenna 
tuner  tor  high  and  low  impedance  receiver  inputs. 
The  coils  are  Miller  6315. 

the  frequencies  of  these  stations  so  that  they 
vary  no  more  than  1  p/10^^  per  day  about  a 
nqmiea!  frequency  known  to  a  few  parts  in 

The  basis  of  accurate  frequency  is  a  stable 
time  reference.  Frequency  and  unit  of  time 
are  inseparable.  One  may  be  defined  in  terms 
of  the  other • 

For  more  than  a  centuiy  the  Naval  Obser- 
vatory has  been  the  custodian  of  time  for  the 
United  States.  With  the  Naval  Research  Labo- 
ratory, the  Naliorial  Physical  Laboratory  of 
Britain,  and  private  investigators  Uke  J. A. 
Pierce  of  Criifts  Laboratory,  Harvard,  they 
conducted  long  distatice  tests  by  VLF  over  a 
period  of  several  years.  The  results  led  to  the 
estahlishnient  of  the  Ephemeris  second,  based 
on  the  earth's  orbital  motion,  as  the  time  in- 
ter\^al  for  scientific  work.  They  also  deter- 
mined the  resonant  frequency  of  a  nuclear 
energ\^  transistion  of  the  element  cesium  in 
terms  of  the  Ephemeris  second.  This  led  to 
eslablii>hnieiit  of  an  international  system  of 
atomic  time  in  which  the  period  of  9J92,- 
631J70  cycles  of  cesium  resonant  oscillation 
is  one  second.  No  longer  is  the  tunn'ng  of  the 
earth  on  its  axis  a  suitable  time  reference.  By 
compaj'ison  with  tlie  other  references  the  earth 
wobbles  along  like  a  sprung  buggy  wheel 
rolling  on  a  rutty  road. 

Station  NBA  in  Panama  and  other  Navy 
stations  are  eontinunusly  monitored  by  the 
Naval  Obser\atory  and  the  Naval  Research 
Laboratory  to  maintain  them  accurately  on  fre- 
ciuency.  Naval  stations  ashore  and  afloat  have 
receiving  systems  which  use  these  stations  to 


maintain   their   frequency   standards   accui 
continuously  to  the  least  1  p/10^. 

At  mid- 1965  the  Navy  stations  using  V 
all  with  power  output  from  100  kilowatb 
1  megawatt,  are  as  follows: 

NAA  Cutler,  Maine         17.8  kHz** 
NBA  Summitj   Panama    24.0  kHz 
NPG  Jim  Creek,  Wash  18.6  kHz 
NPM  Honolulu,  Hawaii  26.1  kHz 
NSS  Annapohs,  Md         21.4  kHz 
^alternates    hourly   willi    FSK    (or   ol 
phase  shifted  emissions)  and  Morse  \< 
^  graph. 
Now— the  relationship  to  the  amateur  oj 
ator.  By  the  method  described  for  HF  ree 
tion^    a    quite   ordinary   VLF    receiver    is 
means  to  veiy  accurate  frequency  comparis 
with  these  stations,  almost  any  time^  day 
night.  The  only  restrictions  on  the  amatei 
accmacv   of  comparison    are   the   stabilitv 
his   standard   oscillator,   and   how   long   he 
willing  to  watch  a  meter  or  oscilloscope 
time  a  beat  or  note  a  change. 

The  oscillator  will  have  to  be  used  wit- 
set  of  multivibrators  or  other  frequency  d 
ders  to  produce  output  at  one  hertz  han 
nics  wiiicli  are  used  to  beat  with  the  V 
stations*  Should  one  of  them  use  18  k 
(once  used  by  NBA),  a  cycle  on  this  i 
quency  occurs  in  55*5  microseconds.  A  mill 
cycles  occur  in  55.5  seconds.  So,  if  the  b 
meter  pointer  moves  across  the  scale  (or 
scope  pattern  moves),  a  half  cycle  in  56  s 
onds— and  miuntains  this  rate— the  oscilla 
under  comparison  is  accurate  and  sluble  tc 
part  in  10*^  A  full  beat  in  9  minutes, 
seconds,  or  a  half  beat  in  4  miimtes,  38  s 
onds,  represents  1  part  in  10", 

More  versatile,  though  a  bit  more  comp 
systems  for  amateiir  use  are  developed  fr 
methods  suggested  by  Hastings  and  Stone 
June  1961  NRL  Report.  These  have  bt 
used  to  meet  the  needs  of  ship-yards,  pend 
production  of  a  military  model  of  a  V 
phase  tracking  system.  They  have  proved 
be  adc(|uate  as  an  interim  method  for  e 
brathig  the  most  precise  Navy  Frequei 
Standards. 

Virgil  Neher  W6KT,  has  had  a  long  ti 
interest    in    frequency    measurement.    A    f 
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The  performance  of  the  Swan  350  in  your 
car  may  not  quite  equal  your  home  station, 
but  you  will  be  amazed  at  how  often  the 
difference  is  very  small.  Many  Swan  mo- 
bile operators  have  established  enviable  DX 
records.  QSL  cards  on  file  here  at  the  fac- 
tory verify  solid  contacts  from  all  conti- 
nents including  stations  in  Antarctica. 

Old  timers  who  have  fought  QRM  with  old 
style  AM  equipment  have  discovered  a  new 
world  of  mobile  communication  thanks  to 
the  power  and  punch  of  the  Swan  350  and 
400  transceivers-  The  efficiency  of  the  SSB 
mode  coupled  with  the  convenience  of 
transceive  operation  and  a  powel  level  un- 
matched in  the  field,  represent  a  combina- 
tion well  worth  looking  into.  So,  if  you 
haven't  heard  a  ZL,  j  DU  or  J  A  say, 
"stand  by,  the  mobile  11  station:"  then, 
why  not  put  a  Swan  i  in  your  car  this 
summer  I 


SWAN  350 


The  350  installs  conveniently  under  the 
dash  of  most  cars,  and  the  power  supply 
goes  under  the  hood.  The  best  location  for 
a  mobile  rig  is  naturally  up  front  under 
the  dash,  but  if  you  have  a  car  with  a  center 
console  and  a  consequent  space  problem, 
you  will  be  happy  to  learn  that  either  the 
350  or  400  can  be  installed  in  the  trunk. 
The  406B  external  VFO  was  designed  to 
permit  trunk  mounting  of  either  trans- 
ceiver, and  thanks  to  its  miniature  size, 
the  406B  can  be  mounted  conveniently  in 
any  car,  either  under  the  dash  or  on  top 
at  eye  level.  Add  an  efficient  5  band  mobile 
antenna  such  as  the  model  55  or  45  Swan- 
tenna,  and  you  can  enjoy  mobile  operation 
to  the  fullest.  Home  station  performance? 
Well  not  quite,  but  nothing  comes  closer 
than  a  Swan  Transceiver. 

73,  Dave  Howard,  WA60QY 


PRICE  LIST 

Model  350  Complete  transceiver , . 

Model  400  Deluxe  transceiver,  less  VFO. . 

Model  406B  Mobile  VFO 

12  voft  Mobile  Supply  Model  14417 

RC-2  Remote  Control  Kit. 

Model  45  Swantenna 

Model  55  Remote  Switching  Antenna.,.. 


$420.00 
$420.00 
$  75.00 
$130.00 
$  25.00 
$  65.00 
$  95.00 


For  further  Informatfon  on  Swan  transceJvers  and 
accessories,  sae  your  Swan  dealer — 


MUk 


SWAN  SPEAKS  YOUR  LANGUAGE 
ASK  THE  HA^ff  WHO  OWNS  ONE 
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years  ago,  \\  60C  aud  W6KT  had  a  session  an 
the  variouji  method.^  of  measurement,  for  the 
amateur.  W6KT  protluced  a  progressive  series 
of  receiving  devices  fcjr  calibrating  a  precision 
oscillator^  which  was  a  product  of  the  relation- 
ship.  The  stability  performance  of  his  oscilla- 
tor approaches  closely  some  of  the  better 
conHiiercially  available  products.  It  seems  that 
it  may  be  very  easily  classed  as  a  1  p/^^  per 
day  unitj  and  since  mid'1965  the  ageing  rate 
has  decreased  until  it  is  not  observable  with 
the  methods  in  use*  A  clock  driven  bv  such 
an  oscillator  would  keep  time  within  a  second 
in  three  years  or  more* 

Sitch  a  fine  oscillator  is  not  necessary  for 
amateur  rc(iuiremerits.  A  reasonably  good 
quartz  crystal  in  a  good  circuit,  well  con- 
structed, will  fill  amateur  radio  needs.  Most 
quality  oscillators  available  today  use  what  is 
known  as  a  *'Wariier"  crystal,  in  some  varia- 
tion  of  the  well  known  "Pierce''  circuit.  The 
conformation  of  most  of  these  has  led  to  their 
being  CLilled  "Crvstal  Colpitts".  An  article  on 
this  development  with  respect  to  self  excited 
circuits  is  listed  last  in  the  bibliography. 

The  basic  **Pieree''  circuit  and  the  simplest 
lorm  of  current  tube  and  transistor  modifica- 
tions are  shown  in  Fig*  1.  Cr\^stals  operate 
series  resonant  in  these  circuits.  Among  com- 
mon mass  produced  crj-stals  for  transmitter  or 
receiving  conrol,  those  operating  very  close  to 
a  specified  frequency  at  parallel  resonance, 
have  been  known  to  operate  as  much  as  0.1^ 
higher  in  a  "Pierce*'  cuxuit.  In  general,  shunt 
trimmers  have  very  little  effect  on  the  fre- 
quency of  oscillation,  so  may  be  used  for  very 
fine  adjustment. 

Surplus  1  MHz  crystals  of  excellent  quality 
for  amateur  purposes  have  been  available  for 
as  little  as  2  for  $2,35,  Several  sources  adver- 
tise such  cry^stals  for  about  S2  or  $3.  Some 
100  kHz  cnstals  have  been  available  at 
slightly  liigher  prices,  A  good  check  of  the 
ads  in  the  magazines  will  bring  some  woilh- 
while  results  when  looking  for  bargain  crys- 
tals. 

To  the  good  crystal  oscillator  just  discussed, 
add  some  sort  of  divider  string  to  come  out 


with  1  kHz  and  if  you  want  to  go  first  class, 
100  Hz.  Also  latch  on  to  an  oscilloscope  which 
has  provision  for  locking,  driving,  or  trigger- 
ing the  sweep  externalh .  The  handbooks 
describe  the  latest  versions  of  the  old  standby 
frequency  divider,  the  multivibrator-  Many 
amatems  today  meet  flip-flops,  and  phanyas- 
tion  circuits  in  their  daily  work.  These  can 
liardly  be  kept  from  working  if  wired  cor- 
rectly* Just  put  them  togetlier  and  drive  with 
the  standard  oscillator. 

For  NBA  on  18  kHz  Virgil  W6KT,  coupled 
the  17.5  kHz  harmonic  of  a  2500  hertz  output 
to  the  antenna  of  the  receiver.  The  receiver 
has  no  audio  detector  (though  one  can  be 
useful).  The  yield  from  the  last  rf  (or  if) 
stage  is  applied  to  the  vertical  plates  of  the 
oscilkhscope*  Adjustment  of  the  injected  sig- 
nal level  is  made  to  effect  100%  modulation  of 
the  incoming  18  kHz  signak  A  carrier  with 
500  Hz  envelope  is  developed.  The  500  Hz 
harmonic  of  one  ol  the  lower  frequency  divi- 
ders is  applied  to  the  horizontal  chive  or  di- 
rectly to  the  horizontal  input  of  the  scope. 
Adjustments  are  made  to  display  one  cycle 
of  the  envelope  on  the  CRT, 

If  tlic  Dscillalor  is  sufficiently  stable  and  on 
frequency  the  pattern  will  appear  stopped. 
Actuall)  it  wiU  mose  across  the  screen  at  a 
rate  which  is  a  measure  of  the  difference  be- 
tween the  standard  and  tlie  reference  VLF 
station.  Virgil  sets  the  zero  of  the  modulation 
envelope  (or  cross-over  point  of  tlic  pattern 
if  you  like)  at  a  vertical  Hue  on  the  face  of 
the  scope.  He  then  checks  the  time  in  minutes 
or  seconds  for  movement  of  the  pattern  some 
definite  fraction  of  a  cycle.  For  NBA  (when 
on  18  kHz),  movement  of  1/10  cycle  in  30 
minutes  indicates  a  deviation  of  about  3  parts 
in  10'*.  The  same  movemeirt  of  the  pattern  in 
about  36  seconds  shows  a  deviation  of  l-5y  10", 
about  as  good  as  the  normal  HF  comparison 
against  \VWV. 

The  VLF  and  LF  services  of  the  National 
Bureau  of  Standards  are  extremely  accurate 
but  are  not  so  easilv  received  bv  amateur 
methods  because  of  the  relativelv  low  radi- 
ated  power.  On  20  kHz  the  output  of  WW\'L 

•  •  • f f 0+I2V 
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Fig.  6.  Tuned  omplifier  for  18  or  20  kHz.  The  coils,  which  should  be  shielded,  ore  Miller  6210  or  Mil- 
ler 6315,  Tronsistors  are  2N1  149,  etc.  The  100  k  resistors  should  be  adjusted  for  about  1  ma  collector 
current  in  each  transistor. 
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Fig.  7.  VLF  superhet  receiver  for   14.5  to  25  kHz.  IF  frequency  fs  42  kHz. 


is  about  1  kW;  on  60  kHz  WWVB  radiates 
aljoitt  6  kW.  Antennas  and  transmitting  equip- 
ment are  in.stalled  near  Ft.  Morgan,  Coloradcj. 
Because  of  experimental  and  research  work 
being  condncted  using  special  emissions  using 
pulse,  or  phase  or  frequency  shifted  signals, 
it  is  not  always  possible  to  effect  accurate 
frer]nency  comparisons  by  simple  methods. 
Sul)scriptioii  to  the  NBS  bulletins  relating  to 
their  standard  freqtiency  broadcasts  may  pro- 
vide infonnation  in  detail  about  the  special 
emissions. 

When  the  signal  under  control  of  the  stand- 
ard oscillator  is  injected  into  the  antenna,  the 
entire  receiver  must  have  band- width  at  least 
as  great  as  the  numerical  value  of  the  differ- 
ence frequency.  For  NPG,  18.6  kHz,  the  in- 
jection may  be  19  kHz  and  the  pattern  and 
scope  deflection  signals  will  be  400  Hz.  For 
NPM,  26, 1  kHz,  26  kHz  injection  makes  the 
difference  100  Hz.  Likewise,  18  kHz  mixing 
with  NAA,  17,8  kHz  yields  200  Hz.  VLF 
signals  of  even  1  kll/.  imilliples  like  18  or  24 
kHz  may  be  compared  directly  by  applying 
the  receiver  rf  output  to  the  scope  \ertical 
plates  and  the  divitU  tl  standard  frecineney  of 
the  same  value  to  the  horizontal  plates.  Move- 
ment of  the  Lissajous  pattern  with  time  gives 
the  deviation. 

Since  allocations  in  the  VLF  range  are  as- 
signed at  even  100  Hz  intervals,  interference 
can  be  a  problem  if  the  receiver  is  not  sharp 
enough  or  filters  of  some  sort  are  used*  An 
antenna  tuner  sharpens  the  response  and  will 
improve    the   signal    about    15    dB.    If    inter- 


ference persists,  one  or  more  "Notch  Filters" 
will  usually  clear  it  adequately < 

For  the  serious  "researching'  amateur,  a 
bibliography  of  reference  material  on  preci- 
sion  Irequency  equipment  and  VLF  trans- 
mission is  provided  at  the  end  of  this  article, 

.  -  .  W6BLZ 
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VHF  Parametric 
Transistor  Multipliers 


In  the  March  1965  issue  of  "73"  authors 
Firth  and  Ohon  described  "^The  Parametric 
Tratuistor  MultipUery" — the  combinafion  of 
parametric  diode  multiplication  and  class  "C" 
amplification  in  a  single  fransi^tor,  Nowy  co* 
author  Olson  shows  how  the  technique  can  he 
extended  to  the  VHF  range,  in  a  somewhal 
different  mode  that  is  more  practical  at  the 
hii^her  frequencies* 


During  the  last  year  there  has  been  con- 
siderable interest  in  the  use  of  transistors  as 
parametric  multipliers.  In  fact,  at  least  one 
semiconductor  manufacturer  has  advertised  a 
silicon  power  transistor  that  is  specifically  de- 
signed for  parametric  multiplication.  R>C.A. 
has  recently  released  its  2N4012  which,  op- 
erating with  1  watt  of  324  MHz  drive,  will 
produce  1,4  watts  of  1296  MHz  output,^ 

In  a  previous  article  in  73^  a  type  of  para- 
metric multipHer  was  presented  that  utilized 
the  emitter— base  jiinctionj  of  a  transistor  in  a 
grounded-base^  class— "C  amplifier/  The  cir- 
cuit was  as  in  Fig,  1,  a  3.5  MHz  to  14  MHz 
quadrupler.  This  circuit  is  presented  again  for 
reference  and  to  correctly  show  the  idler  fre- 
quencies—which were  incorrectly  labeled  in 
the  original  figure.  As  can  be  seen,  the  ampli- 
fication take5  place  after  multipfication  (at 
14  MHz),  since  the  idlers  are  across  the  emit- 
ter-base junction. 

The  original  method  of  parametric  transistor 


multiplication  has  in  its  favor:  an  easy-to- 
follow  development  from  a  circuit  composed 
of  a  separate  var actor  multiplier  and  class  "C" 
amplifier,  and  good  load  isolation. 

In  the  V'HF  multiplier,  we  will  reverse  the 
order,  letting  class  *'C"  amplification  take 
place  at  the  input  frequency,  and  do  the  mul- 
tiplication thereafter.  This  means  that,  now, 
the  idlers  will  be  across  the  base-collector 
junction,  which  acts  as  a  non-linear  capaci- 
tance. 

The  advantage  of  this  configuration  is  that 
transistors  can  be  used  to  produce  output 
power  that  exceeds  their  input  power,  even 
though  operating  above  their  f^.  The  disad- 
vantage is  tliat  the  idlers  and  output  circuitry 
become  one  big  network,  wliich  makes  under- 
standing more  diflBcult  and  does  not  give  load 
isolation. 

An  elementary  VHF  parametric  multipHer 
is  presented  in  Fig  2^  showing  the  idler-output 
circuitry  on  the  base-collector  side  of  the  tran- 
sistor. Since  the  input  impedance  to  a  ground- 
ed-base  stage  of  this  type  is  low,  one  can  ac- 
tually use  such  an  untuned  input  circuit  dur- 
ing initial  tests. 

In  designing  a  parametric  multiplier,  we 
ought  to  restrict  ourselves  to  driving  frcfjuen- 
cies  of  lower  than  1/3  the  frequency  at  which 
the  transistor  has  unity  power  gain,  fr^r.  Also, 
only  multiplication  factors  ("n")  of  two,  three, 
four,  and  possibly  five  should  be  tried.  Multi- 
pliers witli  "n*'  greater  than  five  require  too 
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Fig.  L  High  frequency  parametric  transistor  multiplier.  The  multiplication  {similar  to  that  of  a  voroc- 
tor)  takes  place  in  the  emitter-base  junction,  then  the  transistor  amplifies  the  signal  at  the  multiplied 
frequency,  14  MHz. 
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Fig,  2,  48  to  144  MHz  parametric  transistor  mul- 
tiplier. Note  that  this  circuit  is  unlike  the  one  in 
Fig,  I  in  thot  the  multiplicotion  takes  place  in  the 
base-collector  junction.  This  is  o  preliminary  cir- 
cuit with  untuned  input.  C5  is  Cs,  stray  copocitance. 


many  idlers,  and  the  calculation  and  imple- 
mentation of  such  circuits  gets  out  of  hand. 
As  an  example^  a  transistor  with  an  ft  of  120 
MHz  would  best  be  driven  with  36  MHz  in- 
put and  designed  as  a  quadiupler,  if  144  MHz 
output  is  desired. 

Bear  in  mind  tliat  the  transistor  must  be 
operated  at  an  input  frequency  where  it  has 
some  power  gain,  since  aU  amplification  goes 
on  at  the  fundamental  frequency.  This  fact  is 
clearly  shown  in  a  recent  R.C.A.  application 
note  (SMA-40),  wherein  a  2N4012  will  typi- 
cally put  out  less  than  1  watt  at  1296  MHz 
as  tripler  (with  1  watt  of  432  MHz  drive)  but 
will  put  out  1.4  watts  at  1296  MHz  as  a  quad- 
rupler  (with  1  watt  of  324  Mtiz  drive)!  This 
relation  is  shown  in  Fig.  3. 

As  a  start,  let*s  design  (and  gain  experience 
witli)  a  circuit  which  is  inexpensive  and  for- 
giving, yet  which  will  demonstrate  aU  the 
Uttle  subtleties  of  VHF  parametric  multipliers. 
A  transistor  costing  less  than  a  dollar  is  used; 
it  is  normally  used  "in  small  signal  applica- 
tions up  to  20  MHz/*  We  will  use  a  2N3053 
as  a  48  MHz  to  144  MHz  tiipler,  and  if  there 
are  any  "semiconductor  tragedies,"  at  least  we 
are  not  out  much. 

Looking  at  tlie  2N3053  spec*  sheet,  we  find 
that  it  has  a  maximum  gain-bandwidth  prod- 
uct of  200  MHz,  see  Fig-  4A.  The  second  fact 
that  is  apparent  is  that,  imlike  some  of  the 
"overlay"  transistors,  no  curve  of  coUector-base 
capacitance  versus  voltage  is  given.  Since  the 
collector-base  capacitance  (Cob)  is  a  deple- 
tion-region capacitance,  it  should  follow  the 
same  (exponential)  curve  as  that  for  varactor 
diodes.  We  then  can  take  the  normalized  ca- 
pacitance-voltage curve  from  any  varicap  data 
sheet,  plug  in  the  one  data  point  as  given  by 
our  particular  transistor  spec,  sheet  for  Cob; 
(15  pF  at  10  volts  for  the  2N3053),  and  get 


the  values  of  capacitance  for  any  other  volt- 
age. 

Hovv^ever,  to  simplify  matters,  suppose  we 
make  our  first  attempt  at  a  collector  of  +10 
volts,  where  Cob  is  known.  This,  also,  gives 
an  operation  point  that  falls  on  the  published 
EcJc  ciuves  of  the  2N3053,  see  Fig.  4B.  If 
we  decide  on  an  average  collector  current  of 
30  mA,  this  puts  our  operating  point  approxi- 
mately a  third  of  the  way  between  the  175 
MHz  and  200  MHz  gain-bandwidth  contours 
of  figure  4a.  Tliis  point  is  marked  by  dsi  X^ 
and  gives  us  a  gain-bandwidth  product  of  ap- 
proximately 180  MHz. 

A  48  MHz  to  144  MHz  tripler  easily  fits 
within  our  criterion  of  1/3  the  f^  for  a  drive 
frequency.  Fig,  2  is  such  a  tripler,  simplified 
to  make  it  easy  to  adjust  initially.  The  effec- 
tive output  capacitance  of  the  transistor  is 
Cob  plus  Cs  (a  stray  wiring  capacitance  of 
5  pF),  for  a  total  of  20  pF. 

Li  and  Cj,  the  48  MHz  idler,  must  be  se- 
ries resonant  in  combination  with  the  20  pf 
output  capacitance.  That  is,  Fig.  5A  must 
resonate  at  48  MHz.  Similarlv',  Fig-  5B  must 
resonate  at  96  MHz,  and  Fig.  5C  must  reso- 
nate at  144  MHz.  Or,  at  least,  this  is  nearlii 
true,  since  each  idler's  impedance  at  the  other 
two  frequencies  modifies  the  design  aim  some- 
what. Since  we  know  that  Cob+C^  is  20  pF, 
Li  must  be  at  least  0.6  mH  to  resonate  at  48 
MHz.  Let's  take  Li  to  be  1,2  ^H  and  make 
Ci=20  pF  (a  3  to  30  pF  trimmer  in  the  ac- 
tual  case)*  In  a  similar  way  we  make  L2=0,3 
\xH  and  0^=20  pF.  Then  with  the  output  se- 
ries-circuit we  must  use  a  bit  more  caution, 
making  L^  relatively  large  in  order  that  Cg  be 
small,  so  as  not  couple  too  much  of  the  funda- 


s^ 


2£ 


1     Z2. 


ije 


T.4 


IX? 


Wmjy    POWtR  '  1  WATT 

n  ff\/rfi1 

nru  tBi  n  f€mmtfmM  vuttitb 

'^^> 

V 

CURVE(2J    TSIPLER,  COMMON   EMrTTER 

\ 

\ 

typi 

:  zm\QZ 

1 

\ 

V 

\ 

V 

N 

1 

\l 

\ 

\ 

OB 


0.9  1.0  I.I  1.2 

OUTPUT     FREQUENCY    (GHi> 


LI 


1.4 


t.9 


Fig.  3.  Output  of  on  RCA  2N4012  operated  as  a 
parametric  transistor  multiplier.  Note  that  the 
2N4012  will  pu  out  more  power  at  1296  MHz  as 
o  quadrupler  than  as  a  tripler.  The  text  explains 
this. 
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COLLECTOR*  TO -EMITTER  WOI.TS  (V^^J 

(A) 
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Ftg.  4A.  Goin-bondwidth  curves  for  the  RCA  2N30  53  (o  96<^  transistor).  Fig.  4B.  Collector  current  (Ic) 
versus  collector-emitter  voltoge  (Voe)  for  the  2N3053,  Add  an  "X"  ot  the  junction  of  10  on  Vce  and 
30  on  Ic  in  A, 


mental  and  2nd  harmonic  to  the  output.  L3  is 
made  0.4  |iH  and  Cg  is  3  pF,  (a  3  to  12  pF 
trimmer).  The  output  tap  is  deliberately 
placed  very  low  on  L3,  to  cause  sruull  loading, 
during  initial  adjustment. 

The  48  MHz,  50Q  output  of  a  small  (6 
meter)  exiter  is  coupled  to  the  input  of  tlie 
nniltiplier,  after  the  output  of  the  multiplier 
is  terminated  in  50Q.  Increase  the  drive  to  no 
more  than  10  volts  rms  and  one  should  see  tlie 
2N3053  collector  current  climb  from  zero  to 
Giir  operating  poixit  of  30  niA.  Using  a  giid 
dip  meter  as  an  ahsorbtion  wave  meter,  couple 
it  to  L3  and  tune  C^  for  the  maximum  144 
MHz  output.  Then  time  Co  for  maximum  144 
MHz  output  with  the  grid  dip  meter  still 
coupled  to  L;{.  And,  similarly  peak  up  C|.  The 
drive  level  will  need  readjusting  (reducing) 
duiiug  this  process,  C^,  <Z^^  and  C3,  should 
then  be  readjusted  several  more  times  for 
maximum  144  Mllz  output^  until  readjust- 
ment has  a  small  effect. 

At  tliis  poll  it  we  will  go  back  and  put  a 
matching  transformer  in  the  input,  to  optimize 
transfer  of  diive  from  the  500  driver  to  the 
2N3053  emitter.  Also,  various  taps  on  L^  for 
optimum  output  loading  are  tried,  each  time 
retuniug  C^,  C^  and  C3,  Now,  firiully,  that 
weVe    "juggled"    and    "tweaked"    the    whole 


thiug  up,  the  reader  will  begin  to  understand 
what  he  has  in  store  if  large  multiplication 
ratios  are  involved. 

As  to  the  performance  of  the  unit,  it  re- 
quired 1,5  volts  rms  of  48  MHz  drive  at  50Q- 
The  144  MHz  output  was  2.25  volts  rms 
across  50Q.  The  collector  efficiency,  then,  is 
33%  (300  raW  dc  power  input,  100  uiW  of 
144  MHz  output).  To  asure  ourselves  tliat  the 
RF  output  voltage  that  was  being  measured  is 
really  predominantly  144  MHz,  a  look  at  it 
was  taken  widi  a  Iiighly  specialized  oscillo- 
scope. The  oscillosLope  used  was  a  "storage"  i 
scope  with  "sampling"  plug-ins.  Such  a  device 
allows  one  to  look  at  repetiti\  e  waveforms  up  to 
1,000  MHz  and  "store"  that  waveform  image  on  » 
the  'scnpt*  face,  for  leisurely  examination  and  j 
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Fig.  5.  Output  circuit  of  the  parametric  transistor 
multiplier.  In  A,  the  resonance  is  at  48  MHz,  in 
B,  at  96  MHz.  and  in  C,  at  144  MHz, 
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New,  compact,  high  performance 
solid-state  receiver  for  amateur 
applications 


FEATURES: 

*  Compiitt  ham-band  coverige  fiO-IQ  meters 
and  portion  of  6  meters  *  Stands rd-equipinent 
S.S-1D.5  Mc  band  proviifes  WWV  and  31  meter 
SWL  band<  Three  position  select ivitY  for  optimum 
fideltty  anii  QRM  rejection  -  Crystal-eontroded 
BFQ;  separate  AM  and  Product  deteclor$;  AF 
and  Rf  gain  controls  •  FuH  AGC  with  selectable 
decay  time;  S-Meter;  illuminated  dial  *  Fly* 
wheel  tuning  drive  with  high-ratio  split  gears: 
direct  calibration  on  all  bands  -  Tunable  rejec^ 
tion  notch  Miter;  extremely  effectivo  noise 
limiter  *  Transmitter  type  VFO;  crystal  con- 
trolled first  osci  I  later;  buiH  in  crystal  calibrator 
4  Lnw  power  consumption,  permitting  1ZV 
battery  operation  when  desired;  AC  supply 
available  *  Full  transistorization/  dtode  setec* 
tivlty  switching,  pfug-in  module  construction, 
highest  [[uality  componertts  '  Rugged,  stable 
extruded  alumEDum  chassis  for  extreme  sta- 
bility;   textured    grey    metal    cabinet:    FULLY 

GUARANTEED. 
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Featuring  FIELD-EFFECT  TRANSISTORS 


Davco's  "Amateur- Engineered"  DR-30  pro- 
vides the  maximum  in  communications  effec- 
tiveness under  the  most  rigorous  operating 
conditions,  alt  in  an  exceptionally  compact 
unit.  (Only  4"  H  x  IYb''  W  x  6"  D,)  The  Field- 
Effect  Transistor  is  a  revolutionary  new  solid- 
state  device  which  combines  all  the  advantages 
of  both  tubes  and  conventional  transistors  and 
eliminates  their  disadvantages.  The  use  of  the 
FET  in  the  DR-30  RF  stages  provides  greater 
sensitivity,  better  image  rejection  and  excep- 
tional freedom  from  cross  modulation  or  over- 
loading on  strong  signals.  Engineered  to  meet 
the  needs  of  the  most  demanding  amateurs, 
no  matter  the  preference  in  bands  or  modes 

of  operation,  t^lOflTin 

DAVCO  DR-3Q  RECEIVER  ^JOB^" 

For  further  information  and  ii/astrated  brochure^  write: 

DAVCO  ELECTRONICS,  INC. 

P.O.  Box  2677,  2024  South  Monroe  Street 
Tallahassee,  Florida  32304 
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Bottom  view  of  the  48  to 
144  MHz  tripler  fn  Fig.  7. 


sketcliing.  The  waveforai  of  the  above  unit  is 
shown  in  Fig.  6,  as  it  was  sketched,  from  stor- 
age 'scope  face.  Tlnee  cycles  of  144  MHz  RF 
are  displayed  so  that  the  amount  of  48  MHz 
present  can  be  obsei-ved.  The  fact  that  a 
rather  special  *scope  was  used  for  making  Fig* 
6  does  not  mean  that  it  was  essential,  but 
its  use  only  confirmed  our  other  measure- 
ments, Thr  grid  dip  meter  was  the  only  neces- 
sary piece  of  test  equipment. 

The  final  circuit  is  shown  in  Fig.  7.  It  was 
built  inside  a  5  X  7  X  2  aluminxun  chassis  as 
shown  in  the  photo.  Note  that  tlie  input  cir- 
cuit occupies  occupies  the  234"  compartment 
at  one  end  of  the  chassis.  The  transistor  is 
mechanically  and  electrieaDv  attached  with  an 
lERC  TX  05074  B  heat  sink  to  a  3  inch  long 
piece  of  %r  wide  copper  strap  (the  collector 
of  a  2N3D53  is  connected  to  the  case)*  Tins 
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Strap  serves  to  dissipate  heat^  and  also  serves 
as  a  low  inductance  connection  to  the  idlers. 
Note  that  the  three  coils  for  48,  96,  and  144 
MHz  are  all  spaced  from  each  otlier  and  all  at 
right  angles  to  each  other,  to  avoid  inductive 
coupling,  A  bottom  plate  is  used  whicli  com- 
pletes the  shiekliiig  of  the  input  and  output 
compartments*  It  has  a  %"  hole  in  it  for  adjust- 
ment of  Cg  and  a  135"  hole  immediately  above 
Lii,  so  that  the  grid  dip  meter  can  be  coupled 
to  that  coil  during  adjustments. 

A  second  unit  was  constructed  to  try  the 
principle  as  a  144  MHz  to  432  MHz  tiipler 
(Fig.  8),  The  transistor  used  in  this  case  was 
a  2N3553  (R.C.A.)  which  was  about  $8.00 
when   purchased.   The  newer  2N3866  shoukl 
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Fig-  6.  Output  waveform  of  the  tripler  in  Fig.  7 


Fip,  7.  Final  circuit  of  the  omplrfier-tripler  in  Fig. 
2.  It  puts  out  lOOmW  on  two  wfth  45  mW  of  48 
MHz  drive  and  300  mW  dc  input. 
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work  as  well  and  is  only  about  $5.00,  (the 
2N3866  is  now  being  manufactured  by  two 
other  finus,  which  will  tend  to  bring  the  price 
down)p 

The  432  MHz  Lripler  was  constiucted  in  a 
smaller  chassis,  a  Bud  AC-431,  measuring 
4X6X2.  It  was  partitioned,  as  before,  and  one 
will  note  the  "wavelength  scaling"  throughout 
(ie;  smaller  inductances  and  smaller  capaci- 
tances) in  the  photo  of  it.  Note,  also,  that 
the  copper  heat  sink  tab  had  to  be  cut  shorter 
than  previously  to  reduce  its  inductance. 

The  output  of  the  imit  is  320  mW  at  432 
MHz  with  180  mW  of  144  MHz  input.  The 
DC  input  power  was  12  volts  at  50  mA,  or 
600  mW, 

While  the  two  parametric  multipliers  herein 
described  are  perhaps  not  pushing  the  state  of 
the  art,  they  do  represent  working  models  of 
a  relatively  new  technique.  No  doubt  the 
units  shown  can  be  driven  harder,  modified, 
etc.;  but  the  experunentalion  and  "smoke-test^ 
iiig"  will  be  left  to  those  interested  in  fuitlier 
work-  As  they  stand,  the  circuits  may  be  use- 
ful in  handytalkies,  or  (offset  a  bit  in  fre- 
quency) as  local  oscillator  chains. 

What  has  been  attempted  above  Is  to  pre- 
sent an  approximate  method  of  designing  a 
parametric-transistor-multiplier.  The  resultant 
circuits  do  work,  though  they  are  almost  cer- 
tain not  to  be  optimum  circuits.  Since  we  can 
change  drive  level,  operating  voltage,  C^,  Lj, 
C2j  L2?  C3,  L3,  and  the  tap  on  L^;  we  can  be 
said  to  be  dealing  with  nine  variables.  The  op- 
timization of  such  an  array  is  nearly  hopeless 
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Fig.  8.  Parametric  transistor  multiplier  from  144 
to  432  MHz,  Output  is  320  mW  with  180  mW 
input  on  144,  with  DC  input  of  600  mW  (12  volts 
at  50  mA). 


theoretically,  unless  a  digital  computer  is 
handy  and  you  can  set  the  nine  equations  in 
nine  unknowns  up  for  it. 

However,  tliis  approximation  method  does 
work— give  it  a  try  I 

The  author  wishes  to  thank  Radio  Corpora- 
tion of  America  for  pennission  to  use  Figs.  3 
and  4* 
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How  To  Get  Your  Extra 

Class  License 


With  all  the  controversy  about  incentive 
licensing  going  around  and  the  good  possibility 
of  the  FCC  nKikiiig  an  extra  class  license 
necessary  to  enjoy  full  ham  pri\ileges,  I  gue^s 
many  of  us  have  given  serious  consideration 
lately  to  getting  that  extra  class  ticket.  Any 
liam  would  be  proud  to  have  one  of  these 
licenses  simply  because  of  its  prestige  and 
the  feeling  of  self-accomplishment  that  it 
gives •  But  until  now,  who  has  needed  it? 
A  general  class  license  giv^es  us  full  operating 
privileges  now^  so  why  go  to  a  lot  of  trouble? 
This  Vm  sure  is  the  attitude  that  most  of  us 
have  taken,  but  now  our  tliinking  perhaps  has 
changed  in  view^  of  the  recent  developments. 
The  thought  of  getting  out  the  code  practice 
oscillator  and  the  tlieory  l)ooks  is  rjot  too 
pleasant  to  many  of  you,  but  let's  say  that 
yonVe  told  yourself  that  this  is  the  thing  to 
do  and  you Ve  resigned  yourself  to  getting  that 
extra  class  ticket.  Just  what  do  we  have  to  do 
to  get  it  and  where  do  we  start?  Well^   we 


Louis  is  an  electronic  cngifwcr  al  Gulf  Aero- 
hjjace  (BAS^  HmLston).  He  has^  a  second  class 
iclvgmph  tni/J  first  phone  lictii^c  as  well  as 
his  extra  class  ham  license,  and  has  icriftpn 
many  articles  for  ntinuj  periodicals. 


know  that  we  will  liave  to  get  our  code  speed 
up  to  20  wpm  and  that  we  will  have  to  bone 
up  on  some  thetiry*  Let*s  take  a  look  at  several 
ways  that  you  might  be  able  to  do  this. 

Code  speed 

If  you  are  a  regular  CW  man  you  are  prob- 
ably capaljle  of  al)out  20  wptn  already,  or  you 
can't  be  too  far  away  from  it.  Most  of  us  don't 
really  know  exactly  what  speed  we  are  capable 
of,  so  don*t  jump  to  any  conclusions.  Find 
out  just  where  you  stand  and  then  do  some- 
thing about  it  if  you  have  to-  I  guess  the  best 
way  to  check  your  speed  is  to  use  a  conmier- 
cial  code  machine  set  to  20  wpm.  If  there  is 
none  available  to  you,  check  in  with  AHRL 
station  WlAW  in  the  evenings,  (See  a  recent 
issue  of  QST  for  times  and  frequencies.)  Tliey 
regularly  transmit  code  at  various  speeds  and 
make  it  easy  for  you  to  check  your  capability. 
You  may  be  surprised  to  find  that  you  can  al- 
ready rec^eive  20  wpm  or  very  close  to  it.  If 
you're  not  quite  there,  start  practicing. 

If  youVe  a  phone  man,  then  youVe  got 
another  problem.  The  thought  ul  liaving  to 
cop\^  code  at  20  wpm  is  probably  enough  to 
make  you  tluow  up.  But  don't  panic.  If  you 
once  copied  13  wpm  for  your  general  class 
ticket,  then  you  should  be  able  to  work  back 
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up  to  and  beyond  that  now.  Before  you  go 
telling  yourself  liow  rusty  you  are,  check  your 
(Ipeed  by  a  code  machine  or  WlAW  to  be 
sure.  Then  get  to  work  on  improving  it.  Tf 
youVe  a  regular  phone  man  and  hardly  ever 
work  CW,  then  the  best  thing  you  can  do  is 
to  put  the  mike  away  for  a  wliile  and  get  out 
the  key.  The  best  (and  most  painless)  way  to 
up  your  code  speed  is  to  do  some  regular  CW 
harnming.  Notliing  will  get  it  np  faster-aiid 
you'll  be  getting  up  to  the  speed  you  need  to 
renew  your  ticket  (if  you  fail  the  extra  class 
exam ) . 

I  was  away  from  ham  radio  for  alwjut  foui- 
years  at  one  time  before  I  finally  realized  that 
to  renew  my  ticket  I  was  going  to  need  some 
CW  operating  time.  I  rented  some  gear  anfl 
put  in  a  couple  of  good  weeks  on  40ew  and 
got  the  needed  time.  But  what  surprised  me 
was  that  1  remembered  the  code  at  all.  1  not 
only  had  remembered  it,  hut  I  was  good  for 
about  10  wpm  when  I  started  and  was  doing 
15  to  18  when  T  quit.  So  don't  start  thinking 
pessimistic  things  about  your  code  abilities. 
They  are  probably  better  than  you  diijik  and 
with  a  little  effort  you  can  improve  tremen- 
dously. After  a  ctmple  of  weeks  of  CW  opera- 
tion, check  your  speed  again  and  do  what's 
necessai-y  to  get  it  up  to  20  ^vpm  if  you  still 
need  it.  Practice  is  the  kev  to  it  all. 

Getting  our  code  speed  up  to  20  wpm  is 
probably  the  toughest  requirement  of  tlie 
whole  prnjeet  I  personally  feel  that  the  20 
wpm  requirement  is  dumb.  Tbat  is  a  little  too 
fast  for  comfort.  Oh,  I  believe  that  the  FCC 
exam  should  require  a  code  capability,  but 
why  so  fast?  Is  there  really  a  reason  for  this 
other  than  tryintr  to  screen  out  as  many  per- 
sons as  possible?  If  we  could  average  the 
speeds  of  all  CW  stations  on  40  meters  some 
Saturday  night,  I  bet  it  would  fall  in  the  10 
to  15  wpm  range.  That's  not  too  fast  or  too 
slow.  It's  just  comfortable  and  why  shouldn^t 
we  be  comfortable,  Tliis  is  our  hobbv  isn^t  it 
and  why  should  our  hobby  require  us  to  be 
so  uncomfortable?  But  we  are  stuck  with  this 
requirement  so  we  oupht  to  get  used  to  the 
idea  and  start  practicing 

Theory 

The  extra  class  exam  is  quite  a  bit  tougher 
in  the  technical  department  than  the  general 
class,  but  with  a  little  study  we  should  be 
able  to  do  it.  I  guess  most  guys  will  immedi- 
ately rush  out  and  buy  a  copy  of  tlie  AKRL^ 
CQ  or  Sam's  license  manual  and  will  start 
memorizing  it  just  like  they  did  when  they 
got  their  general  class  ticket.  Well,  l)elieve  it 
or  not,  this  is  not  the  quickest  and  easiest 
wav  diat  it  seems  to  be.  And  if  vou  do  it  this 


w^iy,  you  are  really  cheating  yourself.  I'm  not 
just  saying  tliis  to  offend  some  of  you,  and 
I'm  not  knocking  license  manuals.  What  I  am 
dying  to  say  is  that  too  many  of  us  get  our 
tickets  by  memorizing^  and  the  license  manuals 
have  made  it  too  easy.  It  should  not  be  this 
way  but  it  is.  The  Uceuse  manuals  are  written 
as  a  guide  to  the  material  covered  on  the 
FCC  exams.  They  tell  you  what  you  can  ex- 
pect on  the  test  and  you  really  should  have 
one.  They  are  NOT  wTitten  to  teach  you 
electronics,  however,  and  this  is  what  you 
need  to  do— learn  electronics.  Why?  Let  me 
give  you  a  few  reasons,  Fii^st,  l)y  knowing 
electronics  you  wall  really  understand  the  li- 
cense manual  questions-  Most  of  them  are 
basic  theory  and  you  will  be  able  to  answer 
from  this  basic  knowledge  alone.  The  more 
specialized  questions,  their  answers  and  the 
explanations  will  be  cleai*  to  you.  All  this 
nif  :jns  is  that  regardless  of  how  they  ask  the 
question  on  tlie  test,  you  will  be  able  to  an- 
swer it  because  vou  undrr.stand  it  and  not 
because  you  memorized  it-  And  your  chances 
of  passing  the  test  will  be  mucli  greater. 

Second,  a  knowledge  of  electronics  will 
make  your  hobby  more  enjoyable.  You  will 
understand  how  your  ecpiipment  works,  you 
will  be  more  likely  to  fix  your  ow^n  gear  when 
it  breaks  down  instead  of  spending  a  lot  of 

1.  Time  constant  is  the  Mme  that"  it  takes  o  capacitor 
to  chorge  to  63.7%  ot  the  applied  voltage  through  the 
accompany InrQ  resistor. 
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Fig*  1,  Paragroph-senfence  completion  programmed 
text. 

The  time  constant  T  in  seconds  is  equal  to  the  capacity 
multiplied  by  the  resistance  (T=RCJ,  where  R  is  in  ohms 
ond  C  is  in  farods.  For  example,  with  the  values  shown 
in  the  figure  obove,  ttie  time  constant  T— RC— (UX^ 
(lXlO~*)=-l  second.  This  means  that  the  capacitor  will 
charge  up  to  63.7%  of  100  volts,  63.7  volts,  in  one- 
tenth  of  a  second.  {See  graph)  If  the  applied  voltage  in 
the  circuit  obove  was  25  volts,  in  one  tenth  of  o  second 
the  capQcitor  would  charge  up  to  volts. 


2.  (15,925  volts)  It  takes  approxfmately  5  time  con- 
stonts  for  the  copocitor  to  charge  up  to  full  applied 
voltoge.  In  the  example  of  the  previous  frame,  it  would 
toke  (.1)5^  .5  seconds  for  the  1  fii  capacitor  to  charge 
up  to  100  volts.  If  the  resistor  value  is  4  megohms,  the 
capacitor  is  .05  /if  ond  the  applied  voltage  is  40  volts, 

it   would   take         seconds  for   the  capacitor  to 

charge   to  this  value. 


3,  (1  second)  Time  constant  aJso  means  the  time  it 
takes  a  capoCJtar  to  discharge  to  36.3%  of  the  value  rt 
was  chorged  to.  Etc. 
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L  Another  form  of  the  superh^trodyne  receiver  uses 
double  conversion.  In  this  type  of  receiver  the  incoming 
signal  is  converted  to  on  intermediate  frequency  end 
then  this  IF  signol  is  again  converted  to  an  even  tower 
IF  volue*  A  block  diagram  of  this  kind  of  receiver  is 
shown  below. 


THC 


ttflK 


UfiftHC 


The  big  advantage  of  double  conversion  receivers  is  the 
improved  image  rejection  over  convent  tonal  superhets* 
Also,  selectivity  con  be  improved  since  lower  second  tF's 
con   be  used. 

Assuming  that  we  are  using  difference  frequency  mix- 
ers, whot   .s  tne  seccnd  IF  frequency  shown? 

3250   kc.   .   .go  to  frame    10 

50   kc.       .go   to   frame    17 

1600   kc,   .   .go  to   frame  26 


10.  Yoor  answer,  the  second  IF  frequency  is  3250  kc, 
is  incorrect.  The  first  IF  is  the  difference  between  the 
oscillotor  frequency  8,6  mc  and  the  incoming  signol  7 
mc.  8.6  -  7  =  K6  mc  =  1600  kc.  The  second  IF  is  the 
difference  between  the  second  local  oscillotor  frequency 
1650  kc  and  the  first  IF,  You  apparently  determined  the 
sum  rather  thon  the  difference.  While  the  second  mixer 
wiH  generate  both  the  sum  and  the  difference  fre- 
quencies, we  are  interested  in  the  difference  only.  Re- 
turn to  frame   1   ond  select  the  correct  answer. 


17.  Your  answer,  50  kc.  Is  correct.  The  first  IF  is  8-6  mc 

^7.ri^r=  ^^^  ^^—  ^^^^  ^^'  "The  second  IF  is    1650  kc 
—  T  600  kc  =  50  kc. 

The  double  conversion  receiver  is  tuned  like  other 
superhets,  The  tuned  circuits  of  the  RF  amplifier  end 
local  oscillator  are  gauged  together  and  ore  adjusted 
simultaneously  so  they  track.  Now  onswer  this  question 
about  double  conversion   receivers. 

Which  of  the  statements  below  is  correct? 

The  second  local  oscillator  is  ganged  ond 
tuned  simultoneously  with  the  first  local 
oscillotor    so    that    it    tracks     properly 

GO   TO    FRAME    8 
The  second  local  oscillator  is  usually  tuned 
separately. 

GO  TO  FRAME  11 
I  he  second  local  oscillator  does  not  hove 
to  be  tuned. 

GO  TO  FRAME   13 


?|'J^*^ur  answer,  1600  kc,  is  tncorrect.  This  is  the  first 
IF  derrved  by  tokmg  the  difference  between  the  local 
^ctllotor  and  the  incoming  signal  in  the  mixer.  8.6  —  7 
_  J. 6  mc  ^  1600  kc.  Now  defermine  the  second  IF  th© 
same  woy  using  1600  kc  as  the  input  to  the  second 
mixer,  then  return  to  frame  1  ond  sefect  the  correct 
answer, 


Fig,   2.  Another  fornn  of  programmed  text. 

money  to  have  it  fixed,  and  you  may  e\'en  get 
the  urge^  to  build  that  gadget  you  want- the 
one  that's  not  made  cammercially.  All  tliese 
tilings  are  a  little  hard  to  appreciate  if  youVe 
not  already  knowledgeable  in  electronics.  Once 
you  get  that  way  though  you  will  see  what  I 
mean.  I  got  my  general  class  ticket  when  I 
was  13  and  I  did  it  like  many  of  yon  did- 
memorizing  the  license  manual  Oil  yes,  I  un- 
derslocxl  O lira's  law  and  had  a  fair  idea  how 
a   tube  works,  but    1    realh^  couldnt   anaUze 


circuits,  fix  my  own  gear  or  talk  theory  very 
well.  Nevertheless,  I  had  a  good  time  with 
my  commercial  gear.  But  now  I  have  a  college 
degree,  and  IVe  been  employed  as  an  elec* 
tronic  engineer  for  several  years.  I  really  know 
theory,  and  I  have  learned  to  appreciate  those 
things  I  mentioned  earlier.  It's  a  satisfying  and 
secure  feeling  to  know  how  my  transceiver 
works  and  that  I  can  probably  fix  it  myself 
if  it  goes  out.  I've  even  designed  and  built 
an  exotic  electronic  keyer  that  1  wanted  and 
couldn't  buy. 

Well,  assuming  that  you're  now  sold  on  die 
idea  of  learning  electronics^  let*s  see  how  you 
can  go  about  it.  The  first  thing  that  probably 
comes  into  your  mind  is  to  rush  in  and  get 
out  your  old  Handbook  and  start  reading. 
Well,  basically  there  is  nothing  wrong  with 
this,  but  it  is  probably  the  hardest  and  most 
boring  way  to  do  it.  I  don't  have  to  tell  you 
that  reading  theory  out  of  a  Handbook  is  not 
like  reading  a  good  story  in  Playboy  or  a  James 
Bond  book.  After  about  an  hour,  if  you  last 
this  long,  you  will  be  so  bored  diat  you  may 
give  up  and  chances  are  you  won't  be  able  to 
recall  what  you  did  read,  AVhat  you  need  is  a 
brief  reading  period  followed  b)^  some  practice 
in  answering  questions  or  working  problems 
to  U  st  yourself.  The  handbook  wont  give  you 
these  and  you  won't  get  too  far  making  up 
your  own  questions  or  problems.  The  license 
manuals  help  some  here  but  they  really  do 
not  have  the  practice  material  that  you  need. 
What  you  need  is  a  planned  and  scheduled 
study  and  learning  program.  How  do  we  get 
it?  Well,  if  you  are  really  gung-ho  and  don't 
mind  spending  a  little  money  and  putting  in 
a  little  time,  I  recommend  a  correspondence 
course.  There  are  sev^eral  good  schools  offering 
home  study  courses  in  electronics  with  a  com- 
munications slant.  Many  of  them  are  designed 
to  help  a  person  get  a  commercial  FCC  li- 
cense. Such  courses  are  quite  eflFective.  They 
provide  a  planned  curriculum  and  ^vill  give 
you  plenty  of  practice  problems  and  tests- 
They  will  be  more  than  sufficient.  The  biggest 
problem  is  their  cost  and  the  time  it  takes  to 
complete  them*  A  good  course  costs  somewliere 
in  the  $100  to  $300  range  and  may  take  as 
long  as  a  year  or  two  to  complete.  Tliis  is  the 
real  Cadillac  way  to  go  and  you  certainly 
won't  regret  it.  Besides,  you  will  i>robably  end 
up  with  a  commercial  FCC  license  as  well  as  a 
nice  diploma.  If  youre  interested  in  this  ap- 
proach, drop  a  post  card  to  one  of  the  schools 
listed  in  Table  I. 

Another  approach  to  the  problem  is  a  night 
school  vocational  course  in  electronics.  Again 
cost  and  time  are  the  main  factors  against  it 

There  is  another  way  to  accomplish  your 
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objective.  It  is  a  rather  new  method  and  you'll 
probably  enjoy  it.  Its  eflfective,  and  it  is  truly 
ft;  do-it-yourself   technique.    I    recommend    it 
lughly.  Have  you  ever  heard  of  teaching  ma- 
chines or  programmed  instniction?  These  are 
relatively  new  ways  to  teach.  The  material  to 
be  learned  is  presented  to  you  cither  by  a  ma- 
ciiine  or  a  special  book  in  small,  short  doses 
and  then  you  are  inmiediately  tested  on  this 
small    bit    of   information    by    a    question    to 
answer  or  a  problem  to  work.  If  you  work  the 
problem  correctly,  you  are  given  another  bit 
of  information  to  read  and  then  another  test 
and  so  on.  Fig.  1  and  2  show  examples  of  two 
different  types  of  programmed  instruction.  In 
the  first  type,  (Fig.  1)  you  read  a  short  para- 
graph containing  a  fact  or  two  and  then  you 
are  tested  by  having  to  complete  a  statement 
involving  the  facts  by  filling  in  a  blank.  Each 
block  of  information  is  called  a  frame.  In  the 
next  frame  \'ou  are  given  the  correct  answer 
and  then  go  on  to  some  new  material. 

In  the  other  type  of  programmed  instruc- 
tion, you  are  given  a  frame  of  information  and 
a  question  or  problem  to  answer.  The  question 
js  usually  the  multiple  choice  type.  If  you 
answer  correctly  you  are  sent  to  a  new  frame 
of  information.  If  you  choose  tlie  WTong  an- 
swer, you  are  sent  to  a  special  frame  that  tells 
you  that  yon  are  wrong  and  explains  why.  It 
then  sends  you  back  to  the  previous  frame  to 
select  the  correct  answer.  Fig.  2  is  a  typical 
example.  As  you  will  discover,  this  type  of 
self  instruction  is  infinitely  better  than  reading 
^our  Handbook— it's  more  effective  since  you 
take  an  active  part,  and  you  won't  get  nearly 
as  bored. 

There  are  a  good  many  of  these  pro- 
grammed books  on  electronics  available  today 
and  for  a  modest  amount  of  cash  you  can  pick 
up  several  of  these.  A  Hst  of  titles  and  pub- 
Ushers  is  given  in  Table  n.  If  >^ou  can't  get 
these  through  yom*  local  bookstore,  write  the 
pubhsher  directly.  With  some  of  these  books 
and  a  promise  to  yourself  to  set  aside  an  hour 
every  night  to  work  on  it,  you  will  learn 
electronics  in  no  time  and  will  be  quite  well 
prepared  to  study  and  understand  tlie  extra 
class  license  manual  questions.  The  theory 
exam  will  be  a  snap. 

The  exam 

Once  you  have  gotten  your  code  speed  up 
and  you  are  really  hot  on  theory  (don't  for- 
get to  learn  the  FCC  rules  and  regulations) 
run,  don't  walk,  to  your  nearest  FCC  office. 
Take  the  exam  while  you  are  at  your  peak. 
The  human  mind  won't  retain  all  this  unless 
you  continuallv  review  or  use  this  informatifin, 
SO  use  it  wliile  you'v^e  got  it.   Once  you  get 


Table  I.  Home  study  schools  offering  training  In 
electronics  with  a  communicotions  or  FCC  license 
preparation  stant* 

Natronol   Rodio   Institute 
3939  Wisconsin  Avenue 
Washington,    D.    C,    20016 

National  Schools 

400  S,    Flgueroa    Street 

Los   Angeles,  Calif,   90037 

Grantham   School    of   Electronics 
B18    ISth   Street    N.W. 
Washington,    D.   C.    2G006 

Cleveland    Institute   of   Electronics 
1776   East    T7th  Street 
Cleveland,  Ohio  44114 

RCA    Institutes    Inc. 

350  Wesf  4th  Street 

"A   Progrommed  Course  in   Basic  Electronics" 

New   York,   New   York    10014 


the  extra  class  ticket  you  can  forget  it  all  and 
go  back  to  enjoying  the  non-techniuul  asi^ect 
of  your  hobby  if  you  want. 

While  you  are  boning  up  for  the  extra  class 
license,  yon  jnst  might  chip  in  a  few  bucks 
and  buy  a  study  guide  for  the  FCC  commer- 
cial licenses*  (Your  local  library  probably  has 
a  copy  if  you  don*t  want  to  buy  one,)  These 
make  good  references  and  the  study  material 
on  the  1st  and  2nd  class  radiotelephone  li- 
censes is  so  close  to  being  the  same  as  that 
for  the  extra  class  license,  youll  really  be 
surprised.  This  coram erciul  study  guide  will 
give  you  a  different  slant  on  tlie  same  material 
and  will  broaden  your  knowledge.  Then  when 
you  go  for  the  extra  class  exam,  you  might  as 
well  get  your  commerical  license  as  w^ell  even 
though  you  don*t  need  it.  If  you're  going  to 
impress  your  friends  with  a  higher  grade  li- 
cense, you  might  as  well  go  all  the  way, 
Happy  studying,  and  good  luck!  <  .  •  W5TOM 


Table    If.    Programmed  lesson   materia f  and  books 
on  electronics* 


"A    Programmed   Course    in    Basic    Electricity 


a 


'*A  Programmed  Course  in  Bosic  Tronsistors '  by  New 
York  Institute  of  Technology,  56,95  each.  Publisher: 
McGraw-Hill  Book  Company,  330  West  42nd  Street, 
New  York,   New  York* 

"Basic  Electronics:  Autotext/'  A  Programmed  Course  in 
Circuits  by  RCA  Institutes  Inc.  $13.00,  Publisher: 
Prentice-Half  Inc,  Englewood  Cliffs,  New  Jersey. 


£1 


Basic  Electricity  Electronics"  (5  volumes)  $19.95  (soft 
cover).  Publisher:  Howord  W,  Soms  &  Company  Inc., 
4300  West  62nd  Street,   Indianapolis,   Indiono  46206. 


r# 


Applied   Electricity"   $12,50 
"Introduction   to   Transistors"    $9.50 

"Basic  Transistor  Circuits"  $9.50.  Publisher:  Dc^^ic  Sys- 
tems Inc.,  (Write  directly)  880  Third  Avenue,  New  York, 
Hew   York. 

International  Educational  Services,  Inc.,  Scronton,  Penn- 
svlvaniQ  18515.  16  lessons  on  basic  electronic  subjects: 
$4.95  eoch  or  qH  16  for  $65.  Write  direct  for  informa- 
tion^ 

"Basic  Electronics"  Tutor  Text^  Publisher:  Doubledoy  ond 
Company,  Inc,  Garden  City,  New  York. 


JULY  1966 


29 


^ 


Richard   Palace    K3LCV 
4402   Clearfield   Road 
Wheaton,  Maryland 


Transistor  Analyzer 


Build  this  analyzer  for  checks  on  transistor  input  resistance^ 
voltage  feedback  ratio,  forward  current  gain  and  output  admittance 


Some  of  you  will  probably  look  at  tlie  title 
of  this  article  and  remark,  "Here  comes  an- 
other transistor  tester,  but  with  a  fancy  name/* 
Well  this  is  not  so,  and  if  you  really  want  tu 
leam  to  design  wttli  transistors  the  profes- 
sional way,  read  on.  Good  cheap  transistors 
are  readily  available  to  the  amateur,  but  lo- 
cating their  specifications  is  another  story.  Oh 
sure,  you  can  look  in  one  of  the  many  parts 
catalogues  available  and  come  up  with  such 
tilings  as  current  gain,  polarity,  breakdown 
voltage,  plus  a  few  other  parameters  and  use 
these  to  design  a  few  circuits  by  the  seat  of 


your  pants.  But  chances  are  you  don't  know 
what  you  have.  Do  you  know  what  the  input 
and  output  resistances  are,  or  what  the  cur- 
rent gain  and  voltage  gains  are,  what  is  the 
baiidpass  at  the  3  dB  points,  is  the  load 
matched  to  the  output  stage?  Well  this  instru- 
in(iit  woirt  tell  you  all  this,  but  it  will  give 
you  the  necessary  data  on  your  bargain  base- 
ment transistors  so  that  you  can  calculate  with 
good  accuracy  how  it  will  behave  in  a  circnit. 
This  transistor  analyzer  will  give  you  the  **h" 
or  hybrid  parameters  for  the  common  emitter 
connection;  these  being  '%^^  or  "hi/  the  input 


•#• 


# 
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Front  of  the  transistor 
anofyzer.  The  left  meter 
is  for  hose  current.  It 
normally  reads  0-1  mA, 
but  the  button  below  it 
con  be  pushed  for  a  scale 
of  0-50  uA.  The  right 
meter  is  for  collector  cur- 
rent,  and  voltage  between 
base  and  emitter  or  col- 
lector ond  emitter.  These 
functions  are  selected  by 
the  switch  between  the 
meters. 
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R6  m   1 

VOLTMETER  ZERO 


(SEE  TEXT) 


60CPS 


ALL   RESISTORS    1/2  WATT 
ALL    PmS    ARE    LINEAR    TAPCT 


TEANFtmOH 
UNOEK   TEST 


(SEE  TEXTJ 


Fig.    1,  Schematic  of  the  transistor  anaiyzer  described   in  the  text.    It  meosures  the  hybrid  parameters, 
hii,  hsi,  hn,  and  has,  necessary  for  accurate  checks  on  transistor  capobilities. 


resistance^  "^12"  or  'Tir*''  tlie  voltage  feedback 
ratio,  "hoi"  ^^  "li,v"  the  forward  current  gain, 
and  'lii^a"  or  "h^,^,"  the  oiitpul  admittance. 
These  are  the  only  **h"  paranu-lers  needed,  and 
by  plugging  these  numbers  into  suitable  eqiia- 
tions,  circuits  can  be  designed  and  analyzed. 
More  on  this  later;  let's  get  to  the  hardware. 

A  look  at  the  schematic  diagram  will  reveal 
two  separate  power  supplies.  The  power  sup- 
ply associated  with  CR1-CR4  and  the  remain- 
ing  circuitry  comprise  a  field  cfTect  voltmeter- 
This  is  the  solid  state  equivalent  of  the  vac- 
uum tube  voltmeter  and  has  an  input  imped- 
ance of  about  10  megohms.  The  high  input 
impedance  is  necessary  to  avoid  loading  down 
the  test  transistor  when  measuring  V^^*  t^*^ 
voltage  from  base  to  emitter.  The  basic  sensi- 
tivitv  of  the  voltmeter  is  1  volt  full  scale.  In 
the  V(.^,  or  volts  collector  to  emitter  position 
of  S4,  the  voltage  divider  consisting  of  R^o  ^^d 
R^i  extends  the  range  to  10  volts  full  scale. 
In  the  1^.,  collector  current  and  Vu^^  volts  to 
emitter  position  of  S4,  full  scale  is  1  volt.  For 
the  Ic  position  the  meter  scale  is  calibrated 
0  to  10  milliamperes  since  we  are  reading  the 
voltage  drop  across  n  precision  100-ohm  re- 
sistor. Potentiometer  R>^  is  the  voltmeter  zero 
and  R|,»  is  the  calibration  pot. 

Power  supply  2  serves  to  funrish  the  neces- 
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sary  voltages  and  currents  to  the  tran.sistor 
undtT  test,  Rin  i^  the  Y^.^,  adjust  and  allows 
placing  0  to  10  volts  approximately  across  tlie 
collector  emitter  of  the  test  transistor  and  R^^ 
is  tlie  base  current  adjust.  Meter  Mo  is  used 
to  monitor  base  current  continuously  during 
tests.  This  meter,  a  50  microampere  unit,  is 
shunted  by  l\^^  to  read  a  full  scale  of  1  milli- 
ampere,  S;^,  a  normally  closed  push  liutton 
switch,  is  used  to  remove  R13  from  the  circuit 
so  that  a  full  scale  reading  of  50  microamperes 
can  be  obtained.  This  is  a  big  help  in  reading 
small  cmrcnts.  Hindsight  tells  me  that  a  100 
microampere  unit  w^ould  be  more  practical^ 
since  on  some  tests  it  doesn't  take  much  to  go 
off  scale  on  a  50  microampere  unit.  However, 
mine  is  installed  and  calibrated  and  I  will 
have  to  be  content  with  it.  A  value  of  100 
ohms  was  a  suitable  shunt  for  my  particular 
meter  and  others  will  uu  doubt  have  to  deter- 
mine the  proper  value  for  tlieirs.  This  is  not 
liard,  and  the  necessary  information  for  doing 
so  is  available  in  any  radio  handljook.  Switch 
Sm  is  the  jwlarity  reversing  switch  £ind  is 
shown  schematicalh  in  the  NPN  position.  Its 
function  is  to  reverse  the  voltmeter^  collector 
voltage  supply,  and  base  current  supply  so 
that  both  NPN  and  PNP  devices  can  be 
tested.  Qi  and  Q-*  are  field  effect  devices  man- 


31 


1 


Rear  view  of  K3LCV's  transfstor  anolyzer.  The  cabinet  is  open  end  uncrowded  for  easy  construction. 


ufactured  by  Texas  Instruments,  They  are  not 
cheapj  and  carry  a  price  tag  of  about  $12 
each.  If  you  buy  the  exact  field  effect,  the 
voltmeter  will  work,  I  cannot  say  how  other 
devices  by  other  maniifacturers  will  work  in 
tills  circuit,  but  you  can  try,  A  little  playing 
around  on  the  bench  with  resistors  R-,,  R7  and 
Rg  should  get  the  circuit  going  with  just  about 
any  field  effect*  If  you  feel  you  don't  want  to 
experiment  with  the  circuit,  then  you  can 
leave  out  the  circuitry  in  the  dashed  block  and 
bring  points  A  and  B  out  to  test  jacks.  You 
can  then  connect  any  10  megohm  input  im- 
pedance or  better  VTVM  externally  and 
realize  a  savings  in  parts  and  assembly  time. 
For  construction  I  mounted  all  parts  on  a 
7"  X  12"  X  3"  chassis  with  meters  and  controls 
laid  out  as  symmetrically  as  possible*  Wiring 
is  in  no  way  critical  as  the  voltages  and  cur- 
rents are  quite  small.  On  my  unit,  two  rather 
crude  homemade  printed  circuit  boards  hold 
most  of  the  small  parts.  For  diodes  CRl 
through  CR8  just  about  any  cheap  diode  will 
do,  Something  aroiind  100  PIV  at  about  50 
niilliamperes  would  be  satisfactory,  so  check 
your  juiik  box,  T^  is  fust  a  little  special  in  that 
it  has  to  undergo  a  little  surgery  to  serve  our 
purpose.  Basically  Tj  is  a  24- volt  center 
tapped  filament  transformer  in  which  we  will 
split  the  center  tap  and  end  up  with  two  12- 
volt  windings.  On  the  side  that  the  three  wires 
of   the   secondary  come  gut,   slit  the  outside 


protective  paper  vertically  and  peel  both 
halves  out  of  tlie  way.  The  center  tap  con- 
nection is  made  up  of  two  wires  twisted  to- 
gether and  spot  welded  to  the  single  wire. 
Untwist  these  wires  and  solder  leads  to  both 
of  them.  Slip  some  small  tubing  over  the  ex- 
posed joint,  and  glue  the  protective  paper 
back  in  place  with  epoxy  or  what  have  you. 
Do  this  properly  and  all  that  will  sho\v  is  a 
thin  scar  line. 

Cahbration  involves  only  the  voltmeter  and 
takes  but  a  few  minutes.  Open  the  circin't  at 
points  A  and  B  and  connect  a  10  megohm 
resistor  between  these  points.  Turn  power  on 
and  zero  the  meter.  Connect  a  1-volt  source 
across  the  10  megohm  resistor  with  plus  at  A 
and  minus  at  B.  Adjust  Ri^  for  a  full  scale 
reading  on  meter  Mj.  That's  it;  with  the  parts 
specified  the  voltmeter  will  read  properly.  If 
other  field  effects  are  used,  first  get  the  volt- 
meter working  properly  on  the  bench;  then 
install  and  calibrate  it. 

Now  that  our  analyzer  is  working  properly, 
let's  use  it.  If  you  built  it  as  a  Beta  tester,  it 
wiU  give  you  two  valuable  pieces  of  informa- 
tion. It  will  give  Beta  J  which  every^one  likes 
to  know,  and  also  the  voltage  needed  on  the 
base  of  the  transistor  to  get  a  specified  amount 
of  collector  current  to  flow.  As  an  example, 
let*s  see  what  kind  of  data  we  can  get  from 
a  transistor.  Turn  the  analyzer  on  and  set  Ib  and 
Vce  to  minimum.   Set  the  polarity   switch  to 
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NPN  or  PNP  depending  on  the  transistor  be- 
ing tested.  Set  the  function  switch  S4  to  V^^ 
position  and  advance  the  V^^  adjust  pot  for 
5  volts.  Set  function  switch  to  1^  and  advance 

AT. 


Ib  adjust  for  1  mA  of  cuiTent*  Beta  is 


A  I 


V, 


B 


which  means:  A  small  change  in  collector 
current  (1^)  divided  by  a  small  change  in  base 
current  (Ib)  with  the  voltage  on  the  collector 
held  constant.  Therefore,  read  base  current 
for  1  mA  and  write  it  down.  Now  advance  Ib 
adjust  for  2  mA  of  collector  current  and  again 
read  the  base  current.  Subtract  the  first  base 
current  reading  from  the  second  and  divide 
the  result  into  the  change  in  collector  current;, 
which  was  1  mA,  This  then  is  the  Beta  at 
about  1.5  mA,  Always  use  the  same  terms 
when  dividing;  i.e.,  railliamperes  into  milli- 
amperes,  microamperes  into  microami>eres, 
etc.  Back  off  now  on  the  I^;  adjust  pot  till  I^ 
reads  L5  mA.  Switch  to  the  V^^^  position  and 
read  this  voltage.  You  now  know  what  voltage 
and  current  to  apply  to  the  base  of  your  tran- 
sistor to  get  1,5  mA  to  flow.  The  above  opera- 
tions can  be  perfoiTOed  at  various  voltages 
and  currents  within  the  range  of  the  instm- 
ment  and  are  quite  easy  to  do  after  a  few 
practice  tries. 

The  other  3  *Ti"  parameters  are  li^,(.  or  h^o, 

A  I^. 
the  output  admittance  which  is |  Ijj 

A  Vjj 
or  hii  the  input  resistance, V^  |,  and  h 

AIh 

or  Iiiii  the  voltage  feedback  ratio 


ce 


AV- 


AV. 


■E 


Calculate  diese  the  same  as  for  Beta  and  re- 
member to  use  volts  and  amperes  in  your  di- 
vision. Some  representative  values  are  hf^,  = 
06;  h^  =  2  X  10'^  mhos;  hie  =  2000  ohms; 
and  h,^  =  1.2  X  lO'^. 

if  you  have  gone  this  far  with  me,  let  me 
exj^lain  that  space  does  not  permit  me  to  give 
tire  equations  needed  to  take  advantage  of 
this  instrument.  But  let  me  hasten  to  recom- 
mend to  you  a  fine  book  for  those  of  you  who 
want  to  know  more.  High  school  alegbra  is 
all  the  math  needed  to  understand  this  book. 
It  is  called:  Transistor  Physics  and  CircuitSj 
by  Robert  L.  Riddle  and  Mailin  R  Ristenblatt 
and  is  published  by  Prentice-Hall,  The  authors 
do  a  good  job  taking  you  in  nice  easy  steps 
from  fundamentals  through  to  actual  circuit 
design. 

Well,  that's  it;  and  1  hope  you  can  get  as 
much  out  of  tliis  instrument  as  I  have. 

.    ,    .  K3LCV 


MASTER  MOBILE'S  MEW 


SLEEK  &  SLIM 
FOLD-OVER  ANTENNA  &  COILS 


.-<*^" 


fu!ri|i|#MllMi 


^■-'"^ 


^^#-*"^ 


^M^ 
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10-15-20-40-80 
METERS 

New  36"  and  48"  Stainless  Steel 
Laydown  Extension  used  in  con- 
junction  with  miniaturized  coils, 
capable  of  handling  500  Watts 
AM.  Adjustable  one-piece  whip 
and  coil  moves  in  and  out  of  resonant 
frequency.  Coils  are  2%''  in  dia.,  lengths 
range  from  2"  to  7"  depending  on  de- 
sired band  operation.  Antenna  coils  de 
signed  specifically  to  handle  high  power 
mobile  operation  while  utilizing  the 
small  streamlined  antenna  design  nor- 
mally desired  for  low  powered  mobiles. 
Extension  lays  over  at  18",  Extension, 
coil  and  whip  maximum  height  82'\ 
Constructed  of  stainless  steel  with  brass 
fittings,  corrosion  resistant,  weather- 
proof. Slim  locking  sleeve  holds  a  rigid 
vertical  position,  extremely  convenient 
in  clearing  garage  doors,  car  ports 
and  low  overhangs.  Extension  terminates 
in  a  %"-2A  stud  at  both  ends  for 
additional  uses. 


PDiiiJiift 


EXT. 
AM-29 


COIL  AND 
WHIP 


BANDWIDTH   RESONANT  FREQUENCr 

10   Meters  —  Approx.   100  to   120   KC 
15   Meters  —  Approx.    100   to   120   KC 
20  Meters  —  Approx. 
40   Meters  —  Approx. 
75   Meters  —  Approx. 


80   to   100   KC 
40  to     50   KC 


25   to     30   KC 


POWER  RATING:  AM-dc  input,  250  Watts  ■  SSB-dc  input  500  Watts 

AM-29    36"  Stain.  Steel  Laydown  Ext. 

Breaks  at  18"  (Fender  or  Deck  Mt.)  ..„..$11.9S 
AM'35    48"  Stain.  Steel  Laydown  Ext. 

Break  at  36"  (For  Bumper  Mt.)  14.25 

AM-30    80  Meter  Coil  &  Whip 9.95 

AM-31     40  Meter  Coll  &  Whip 8.95 

AM-32    20  Meter  Coil  &  Whip :. ! 7.95 

AM-33     15  Meter  Coil  &  Whip ....-i^..^  6.95 

AM-34     10  Meter  Coil  &  Whip       __  5.95 

DEPT.   73  AREA  CODE  213,  731-2551 
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Build  this  very  high  impedance  (22  M)  voltniefer 
at  low  cost  with  Siliconix  field  efect  transistors. 


Field  Effec 


Richard  Palace  K3LCU 
4402  Clearfield  Road 
Wheaton,  Maryland 


Here  is  a  handy  X3iece  of  test  equipment  for 
the  ham  shack.  It  features  low  power  drain, 
instant  wai'm-up,  portability,  and  an  extremely 
high  input  impedance.  All  this  is  accomplished 
by  using  field  effect  transistors  which  behave 
like  screen   grid  vacuum   tubes,   but  without 


the  heater  and  high  plate  voltages  normally 
associated  with  tubes. 

This  voltmeter  will  measure  from  .5  to  1000 
volts  with  an  input  impedance  of  22  megohms 
as  compared  to  most  commercial  voltmeters 
which   have    input    impedances    of   about    11 


ZtA  17. 

IN   PnOBt 


I   POLE 

B  POSfTlON 


9  VOLTS 


BLACK 


Fig.  1,  Simple-to-build  high  impedance  voltmeter  using  field  effect  transistors  (FET's).  Input  impedance 
is  22  megohms.  You  can  build  the  circuit  on  an  etched  circuit  board  using  the  plan  in  Fig.  2,  or  buy  a 
low  leakage,  fiber  glass  board  from  the  Harris  Company,  56  E,  Main  St.,  Torrington,  Connecticut,  for 
only  $2,  Although  these  FET's  are  drawn  as  N-Channel  devices  the  U-1  12  is  a  P-Channel  field  effect 
and  the  gate  arrow  should  point  in  the  other  direction. 
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Voltmeter 


Inside  of  the  FtT  voltmeter  showing  tne  eicnea  circua  Dooru  mcJU.ncM  on 
the  meter  terminals.  The  ceramic  switches  ore  recommended  for  low  feak- 
oge  since  the  input  impedance  is  22,000/000  ohms. 


megohms.  All  this  of  course  means  that  the 
FET  voltmeter  gives  a  truer  reading  becanse 
it  loads  the  circuit  under  test  less, 

The  circuit  works  as  follows.  FET  Q2  is 
refereiicecl  to  commork  or  floating  ground  by 
R15.  When  the  meter  is  zeroed  by  R12,  the 
voltage  drops  across  RIO  and  R14  are  equal 
so  no  meter  current  flows.  Effectively  then, 
the  gate  of  QX  is  also  at  giouud,  but  biased 
at  the  correct  operating  point  with  respect  to 
its  source.  Any  signal  introduced  onto  the  gate 
of  Ql  will  change  the  operating  point  with 
respect  to  Q2  and  the  voltage  drop  will 
chaoge  across  RIO.  Since  a  voltage  difference 
now  occurs  across  the  meter  a  current  propor- 
tional to  the  applied  voltage  will  flow.  Full 
scale  deflection  of  the  meter  occurs  with  .5 
volts  input.  The  voltage  divider  string,  Rl 
through  R8  plus  tlic^  2  XL  in  the  probe,  is  used 
so  that  full  scale  deflection  occurs  at  several 
different  voltages.  Rll  is  the  calibrate  pot  and 
ser\  es  to  adjust  the  meter  so  that  with  -5  volts 
on  the  gate  of  Ql  the  meter  reads  full  scale. 
RIS,  althougli  not  needed  on  my  unit,  may 
be  required  W'ith  other  FET's,  It  is  used  to  set 
the  linearity  of  the  voltmeter  so  that  .5  volts 
occurs  at  full  scale  and  .25  volts  at  exactly 
half  scale,  R13's  function  is  to  slide  tlie  oper- 
ating point  up  or  down  the  FET's  character- 
istic curve  to  utiliEe  the  most  linear  portion. 
Try  a  10  k  pot  at  R13  if  you  have  diBBculty 
finding  a  linear  portion  of  the  curve.  When  a 


linear  scale  is  acliieved  measure  the  resistance 
ret|tn'rt^tl  and  |K*rnianently  wire  that  value  into 
the  circuit,  iritiMchanLCiiig  Ql  and  Q2  may 
help  if  they  are  nut  matched  too  closely.  The 
meter  Ml  can  be  of  any  sensitivity  from  50  m^A 
to  200  nA,  But  bear  in  mind  tliat  the  final 
accuracy  uf  your  voltmeter  depends  on  tlie 
use  of  precision  resistors  in  the  voltage  divider 
and  also  in  tlic  basic  accuracy  of  the  meter 
used.  Buy  the  best  meter  that  you  can  afford. 
I  would  also  recommend  using  ceramic 
switches  fcjr  SI  and  S2  to  keep  leakage  paths 
to  a  minimnm.  All  other  resistors  in  the  cir- 
cuit may  be  half  watt  d%  carbon. 

I  won't  go  too  deeply  into  construction  as 
the  photos  are  self  explanator>%  Use  good  con- 
struction techniques  and  if  you  use  a  printed 
board  as  I  have— do  by  all  means  clean  the 
board  of  excess  resin  after  all  the  parts  have 
been  mounted.  The  resin  comes  off  quite 
easily  with  alcohol  (not  the  di  inking  type), 
and  besides  looking  profession al,  it  eliminates 
a  source  of  leakage  on  your  board. 

A  matched  pair  of  Siliconix  U-112  field 
effect  transistors  is  available  from  Siliconix, 
Inc.,  1140  West  Evelyn  Avenue,  Sunnyvale, 
California  94086  for  only  $6.00,  This  is  a 
tremendous  bargain  for  these  excellent  FET*s 
tliat  normally  sell  for  $16.50  in  matched  pairs. 

After  you've  tried  this  FET  voltmeter,  you'll 
never  want  to  use  a  vacuum  tube  voltmeter 
again,  .  .  -  K3LCU 
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BODY  OF  Rll  MOUNTED  ON   FOIL  SIDE 

LETTERS   IN   CIRCLES  CORRESPOND   TO    POINTS 
ON   SCHEMATIC 

Fig,  2.  Full  size  layout  of  the  etched  circuit  board  for  the  FET  voltmeter.  Notice  that  this  view  is  of  the 
component  side  of  the  board,  so  if  you  make  your  own  board,  you'll  want  a  mirror  image  of  it  for  the 
copper  pattern.  Glass  board  is  recommended  for  low  leakage* 


-  with  a  MATERIAL  DIFFERENCE! 

U5«p  is  one  of  the  most  dependable 

testimonials  of  endorsement,  and  Telrex 

products  are  in  use  in  135  Lands 


"Beamed-Power"ANnNNAS,"BALUNS' 
1.  V.  KITS  and  ROTATOR  SYSTEMS! 


Most  Technically-Perfected,  Finest  Communication 
Arrays  in  the  World!  Precision-Tuned-Matched 
aad  "Balun"  Fed  for  "Balanced-Pattern"  to  assure 
*TOP-MANON-THE-FREQUENCY"  Results 


You,  too — can  enjoy  World  renown  TELREX 
performance  and  value!  Send  for  PL66  tech 
data  and  pricing  Catalog,  describing  the 
World's  most  popular  commumcation  anten- 
nas, rotator-selsyn-indicator  systems  and  ac- 
cessories! Elxpanded  data  sheets,  including 
your  favorite  band,  also  available. 

COMMUNICATION  SYSTEM! 
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OPENS  NEW  HORIZONS 
TRANSISTOR  HOMESREWM! 

A  Field-Effect  Transistor  Offer  for  Experimenters  Only . . . 

llfllHT  IP  H  CIT9  '^'^  ^^^  ^^^^  semiconductor  equivalent  of  a  pentode  tube!  The  FET 
IflnHI  lU  H  ft  I  f  has  a  high  input  impedance;  only  an  input  voltage  is  needed  to 
control  output.  With  FETs  you  have  zero  vi^arm-up  time  and  long  life  (no  filaments),  low  power  con- 
sumption, and  the  usual  reliability  improvement  of  the  transistor  over  the  tube. 

APPLICATIONS: 


This  highly  sensitive  FET 
voltmeter  can  have  the 
entire  circuit  mounted  on 
the  meter  terminals. 


More  applications  ...wherever  you  used  tubes  in  low  level  circuits:  Ffeld 
strength  meters,  "gate-dippers,"  receivers,  flea  pawei  transmitters,  and 
on  and  on. 

Siliconix  assymes  no  responsibility  for  circuits  shown,  nor  does  it  represent  or  warrant  t?iat  they  do  not  infrfnge  any  patents. 


WANT  TO  EXPERIMENT? 


Take  any  tube  circuit  handbook,  pick  the  circuit  you 
want,  then  design  it  v/ith  FETs.  To  make  it  easier,  we 
offer  three  experimental  FET  packages,  each  with  an  assortment  of  applications  data.  The  two 
FETs  described  below  are  available  separately;  package  #3  contains  both  FETs  at  a  special 
combination  price. 


FET  Parameter 

loss 

Vp 

BVcDS 

Efs  (Min.) 

Approximate  Tube 
Equivalent 

Zero  Bias 
Plate  Current 

Grid  Cutoff 
Voltage 

Max.  Plate 
Voltage 

Minimum 
Transconductance 

utio 

0.1-1.0  ma 

1-6  V 

20  V 

110/tmho 

U112 

0.9-9.0  ma 

1-6  V 

20  V 

1000 /^tmho 

Get  your  FETs  now  , , .  clip  this  coupon, 
send  with  check  or  money  order,  and 
be  the  first  in  your  block  to  fool  with 
FETs! 


ilicanix 

rncnrporated 

1140  West  Evelyn  Ave.  •  Sunnyvalei  Calif,  94086 


To:  BUI  Shipe  K6RLM 

SILICONIX  INCORPORATED,  1140  West  Evelyn  Ave.,  Sunnyvale,  Calif.  94086 

Enclosed  rs  G  $1  for  one  UlIO  FET  and  data 
D  $2  for  one  UH2  FET  and  data 
D  52.75  for  botfi  FETs  3n4  data 
(Calif,  residents  add  4c,  8c,  or  Uc  sales  tax) 


I 

I     Name 

I 
I 


Address 


City 


State 


Up 


I 


Thfs    is  a    limited    offer,    for   experimenters   only,    one    order   to   a    custoiner.    Offer   close    September    30,    1966 
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Bernard  Ring,  K3VNR 
6619  Powhatan  Street 
Riverdole,   Md,   20840 


An  FET  Audio  Compressor 


Build  this  simple  compressor  for  higher  average  modulation 
from  your  transtnitter ,  It  uses  ttvo  inexpensive  field 
effect  transistors  for  high  input  impedance. 


Presented  here  is  an  audio  compressor  cir- 
cuit which  makes  use  of  two  field  effect 
transistors  in  conjunction  with  two  convention- 
al {l^ipolar)  type  transistors.  Simplified  cir- 
cuitry has  been  employed  in  order  to  keep 
costs  at  a  minimum,  but  without  sacrificing 
the  necessary  requirements  for  good  speecli 
compression. 

This  compressor  has  a  compression  range 
greater  than  20  dB,  and  is  capable  of  handling 
up  to  300  mV  input  before  distortion  occurs 
due  to  overload.  After  exceeding  the  compress- 
ion threshold^  an  output  change  of  less  than 
1  dB  will  take  place  for  each  6  dl3  change  in 
input.  The  liigh  (2,2  megohm)  input  imped- 
ance allows  the  use  of  either  crystal,  ceramic, 
or  high  impedance  dynamic  microphones  with- 
out the  use  of  additional  transformers, 

A  brief  review  of  compressor  circuits 

Since  this  is  priitiimly  a  construction  article 
and  not  a  treatise  on  audio  compressors  no 
attempt  will  be  made  here  to  analyze  the 
numerous  compressor  circuits  now  available 
and  in  popular  use-  However,  a  brief  review 
of  compressor  circuits  in  general  may  be  of 
some  help  in  understanding  why  some  com- 
pressors work  better  than  otliers.  It  may  also 
explain  why  judicious  sulostitution  of  compo- 
nents will  sometimes  improve  tlie  cii^cuit,  but 
indiscriminate  substitution  often  results  in  the 
compressor  being  relegated  to  the  junk  box. 

Audio  compressor  circuits,  whether  vacuum 

Bernard,  former  W2CRK  and  W2HP0,  has 
heen  licensed  since  1933.  He's  a  reseorch 
analyst  with  ihc  Department  of  Defenrn  in 
Washington. 


tube  or  transistor,  make  use  of  a  dc  cgntrql 
voltage,  (either  positive  or  negative)  to  control 
either  the  amplifier  gain^  or  to  attenuate  the 
input  or  output  signal  of  the  amplifier  by 
applying  the  voltage  to  a  control  element* 

Transistorized  compressor  circuits  can  usu- 
ally be  classified  into  two  types.  Each  type  can 
further   be   classified   into   several  methods. 

In  one  type  the  control  voltage  varies  the 
forward  ti'ansfer  characteristics  of  the  con- 
trolled stage  by  either  reducing  the  emitter 
current,  or  by  reducing  tlie  collector  voltage. 
While  these  two  methods  require  only  simple 
circuitry,  and  only  a  few  components^  they  are 
subject  to  some  serious  disadvantages.  For 
instance^  large  input  signals  will  result  in 
distortion  because  tlie  transistor  is  driven  into 
a  non-linear  portion  of  its  characteristic  curve 
in  an  effort  to  reduce  stage  gain> 

In  the  second  type  tlie  circuitry  is  usually 
a  little  more  complex^  but  the  results  are  also 
usually  more  rewarding.  Here  again,  any  one 
of  several  methods  may  be  used. 

hi  this  type  of  compressor  the  dynamic 
resistance  of  a  tliode  or  a  transistor  is  varied 
by  the  conti^ol  voltage  and  made  to  act  as  a 
variable  resistor.  The  voltage-variable  resis- 
tor may  be  placed  across  the  amplifier  input 
circuit  to  shunt  a  portion  of  the  input  signal 
to  ground,  or  it  may  be  placed  across  the  out- 
put circuit  to  shunt  the  output  voltage  to 
ground.  The  voltage- variable  resistance  ele- 
ment may  also  be  connected  either  in  series 
or  parallel  with  other  circuit  components 
caiTying  signal  voltages  to  either  attenuate 
the  signal,  or  to  ''switch"  the  component  in 
or  out  of  die  circuit  to  reduce  the  stage  gain. 

Since  m  Uiis  type  of  compressor  the  variable- 
resistance  element  is  usually  isolated  from  the 
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Fig.    K   Schemotic  of  the   FET  compressor.  There  should  be  a  dot  indicoting  a  connection  at  the  cross- 
over between  R8  and  SWl-C. 


dc  circuits,  the  operating  vdltages  and  cur- 
lents  are  not  effected  by  the  apph cation  of 
tlie  control  v^oltage*  However,  tliere  is  a  pos- 
sibility that  with  some  methods  noise  produced 
b\  the  control  element  may  be  introduced  into 
the  signal  path. 

Of  great  importance  to  the  proper  operation 
of  any  compressor  is  tlic  time  constant  circuit 
of  the  control  voltage  loop.  Not  only  does  this 
circuit  determine  the  attack  and  release  times 
of  the  controlled  stage,  but  it  must  also  filter 
llie  rectified  ac  voltage  so  tliat  the  contiol 
voltage  will  be  reasonably  free  from  ripple* 

The  attack  and  release  times  of  some  com* 
pressors  may  differ  by  as  much  as  several  hun- 
dred percent  from  the  ideal  The  ideal  attack 
time  should  be  about  1  msec  or  faster  to  pre- 
\ent  overshoot  on  steep  %vave  front  sipials.  In 
some  circuits  such  a  fast  attack  time  could 
cause  transient  "thump*'  due  to  the  inability  of 
the  amplifier  to  follow  rapid  changes  in  cur- 
rent or  voltage. 

Release  times  are  usually  made  longer  than 
tlie  ideal  time  of  10  myec*  If  the  release  time 
is  too  fast  the  ampliR(  v  will  recover  before  the 
lower  audio  frequencies  have  been  filtered  out. 
On  the  other  hand,  if  the  release  time  is  too 
slow  a  weak  syllable  following  a  strong  one 
will  be  compressed  just  as  much  as  the  strong 
one. 

The  compression  range  will  depend  on  the 
circuit  used  and  mav  vary  from  only  a  few^ 
dB  to  as  much  as  fiO  clB.  The  r fioice  of  com- 
pression range  will  depend  upon  the  apnlica- 
tion  of  tlie  compressor.  A  small  amount  of 
compression  will  limit  audio  peaks  but  will 
add  little  to  the  iinpiovement  in  "talk  power/* 
Too  much  compression  on  the  other  hand  will 
make  the  signal  sound  harsh.  For  speech  com- 


pression  a   jauge  of  about   15  to   21    dB  has 
been  found  to  give  the  best  results. 

At  this  time  perhaps  one  of  the  more  popu- 
lar misconceptions  about  audio  compressors 
should  be  clarified.  There  seems  to  exist  among 
many  people  the  idea  that  the  audio  compres* 
sor  will  increase  the  peak  power  output  of  a 
transmitter.  This  is  not  quite  true.  Compressiou 
will  improve  the  peak  powder  output  only  if 
the  low-  level  audio  stages  of  tlie  transrnittei' 
have  been  deficient,  or  the  microphone  output 
level  had  been  too  low  to  supply  sufficient 
audio  to  the  transmitter,  and  then  only  be- 
cause most  compressors  also  act  as  audio  pre- 
ampUfiers,  The  primary  purpose  of  the  com- 
pressor however,  is  to  improve  the  average 
power,  or  '*talk  pow er''  of  the  transmitter  by 
providing  additional  a  niplifi  cation  to  soft 
spoken  syllables^  and  by  reducing  the  amplifi- 
cation of  loud  syllables  so  that  peak  power 
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output  is  attained  over  a  greater  percentage  of 
the  time.  This  higher  average  output  will  show 
up  iti  SSB  in  oii-the-air  reports  that  the  re- 
ceiver S-meter  aii^jpars  to  "hang"  close  to  the 
3eak  with  only  a  slight  variation  between  syl- 
ables.  It  will  also  show  up  on  the  transmitter 
plate  current  as  a  higher  average  reading. 

Circuit  description 

The  heart  of  the  audio  compressor  described 
here  eonsi*ib5  of  a  pair  of  field  effect  transistors, 
the  Siliconix  U-110,  and  U-112,  which  were 
recentl)  made  available  for  the  price  of  $2.75. 
Replacing  these  FET's  with  bipolar  transistors 
would  require  sophisticated  circuitry  to  per- 
form the  same  functions,  and  at  a  considerabl) 
greater  cost.  By  using  the  U-112  as  tlie  con- 
trolled amplifier  stage  it  was  possible  to 
achieve  a  high  impedance  input,  (2,2  meg- 
ohms) w  itliuut  the  use  of  an  input  transformer 
or  an  additional  emitter  follower  stage.  The 
U-110  in  tliis  case  functions  as  the  voltage- 
variable  resistor  to  control  the  amplifier  stage 
gain  through  the  application  of  negative  feed- 
back to  the  source  of  the  controlled  stage.  In 
addition  to  the  20  dB  of  compression  previ- 
ously mciiliont^dj  the  result  is  a  low  noises  low 
distortion  preamplifier  with  high  gain. 

No  noise  measurements  were  made,  but 
scores  of  on-the-air  tests  proved  to  be  very 
gratifying  in  lliis  area.  Also,  although  no  ex- 
tensive distortion  measurements  w^ere  con- 
ducted, cyclogram  tests  indicated  negligible 
distortion. 

The  sigTJuI  after  being  amplified  by  Ql  is 
further  amplified  by  Q2,  a  2N2613.  This  is  a 
low  noise  transistor  especially  suitable  for  pre- 
amplifier circuits.  The  forward  bias  resistor  R4 
of  this  stage  is  connected  between  the  base 
and  collector  in  order  to  reduce  the  number 
of  circuit  components  and  sttll  achieve  some 
measure  of  stabilitv. 


This  photo  shows  the  small  size  of  the  compressor 
board  dVi"  X  IVi").  The  RF  filter  mentioned  in 
the  text  is  mounted  ot  the  left. 


After  amplification  by  Q2  the  audio  signal 
to  the  transmitter  is  taken  off  tluough  the  level 
control  R12.  Since  even  after  compression  the 
output  voUage  will  still  show^  a  gain  of  6  to  9 
dB  the  level  control  is  used  to  reduce  the  out- 
put to  a  suitable  le\'el  for  tlie  tiansmitter. 

A  portion  of  the  signal  from  Q2  is  also  am- 
plified b\'  Q3  to  a  higher  level  which  is  then 
rectified  by  Dl  and  D2  to  become  the  dc  con- 
trol voltage.  No  attempt  should  be  made  to 
take  the  audio  signal  from  the  output  of  Q3 
since  the  signal  at  this  point  is  in  the  form  of 
a  square  wave  and  will  sound  highly  distorted. 

Notice  that  the  forw  ard  bias  resistor  for  this 
stage,  like  that  of  Q2,  is  also  connected  from 
collector  to  base.  This  means  that  a  small 
amount  of  ac  voltage  w  ill  be  fed  back  from  the 
collector  to  the  base  and  will  also  appear  at 
R6,  R6  will  isolate  this  small  amount  of  feed- 
back so  that  it  will  not  appear  at  the  audio 
output  as  distortion.  If  the  audio  output  is 
viewed  on  an  oscilloscope,  this  distortion,  if 
present,  will  appear  as  a  bright  spot  at  the 
baseline  cross-over  in  mild  cases,  and  in  severe 
cases  the  baseline  will  actually  show.  Increas- 
ing the  value  of  R6  will  prevent  this  type  of 
distortion  but  wil!  also  lower  the  available  ac 
voltage  at  the  base  of  Q3. 

The  output  from  Q3  is  rectified  by  Dl  and 
D2  and  the  resultant  dc  voltage  is  filtered  by 
C7.  Tliis  dc  voltage  is  the  control  voUage 
w^hich  varies  the  drain -source  resistance  of  Q4* 
Besides  acting  as  the  dc  filter,  C7  in  combina- 
tion wdth  RIO  sets  the  time  constant  of  the 

control  loop. 

When  a  positive  potential  is  applied  to  the 
gate  of  Q4  the  drain -source  resistance  is  in- 
creased, effectively  switcliing  off  C2  which  is 
the  source  bypass  capacitor  of  QL  When  R2, 
tlie  source  resistor,  is  unbypassed  an  ac  voltage 
drop  is  developed  across  the  resistor  and  the 
gain  of  Ql  is  reduced.  With  R2  in  an  unby- 
passed state  negative  feedback  occurs  and  the 
percentage  of  hamionic  distortion  is  reduced 
by  an  amount  which  is  almost  equal  to  the 
amount  of  compression, 

Wlien  the  amplifier  gain  is  reduced  the  con- 
trol voltage  is  also  reduced  and  C7  discharges 
through  RIO.  The  bvpass  capacitor  C2  is  now 
"switched"  back  into  the  circuit  and  the  ampli- 
fier recovers.  Recovery^  time  is  determined  by 
C7,  RIO  which  has  a  time  constant  of  approxi- 
mately 82  msec. 

In  reality  C2  is  not  switched  in  and  out  of 
the  circuit  by  Q4  since  Q4  has  an  irreducible 
amount  of  internal  resistance  between  the 
sourc p  and  the  drain.  However,  since  a  switch 
is  characterized  bv  low  resistance  when  it  is 
closed,  and  high  resistance  when  it  is  open, 
then  for  all  practical  purposes  Q4  with  its  rise 
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leading  manufacturer  of  amateur  mobile  power  supplies 
announces  new  price  reductions  on  all  ^^>//?/yv^  models! 


We  are  pleased  to  announce  that  high  volume  production  of  Century  mobile  power 
supplies  at  our  new  modern  plant  in  Watsonvilie,  California,  enables  us  to  offer  these 
famous  units  at  the  lowest  prices  in  history.  Here  1^  an  opportunity  to  own  a  quality 
commercially-built  mobile  power  supply  at  savings  from  $15.00  to  over  $25.00, 
depending  upon  the  model.  These  new  prices  apply  to  all  12-volt  Century  models 
and  are  effective  immediately. 


ORDER  NOW  THROUGH  YOUR  DEALER! 


MODEL 


350-12 


II  i  I       -II I  It 


400-12 


OUTPUTS 


APPLICATION 


OLD  PRICE        NEW  PRICE 


800  Vdc 
275/325  Vdc 
Adj.  Bias 
Oto— 125  Vdc 


Most  12-volt 
mobile  transceivers 


$114.50 


$  99.50 


850/750/650  Vdc 
250/285/325  Vdc 
Adj.  Bias 
Oto  -125  Vdc 


Alt  12-volt 

mobile  transceivers 


$145.00 


$  1 24.50 


500-12 


1150  Vdc 

285/325  Vdc 
Adj.  Bias 
Oto  -125  Vdc 


For  higher  powered 

operation  of  many 
12-volt  mobile 
transceivers 


$165.00 


$149.50 


1000-12 


2200  Vdc 
285/325  Vdc 
Adj.  Bias 
Oto— 125  Vdc 


Mobile  12-volt 
Linear  Amplifier 


$275.00 


$249.50 


Input  and  output  cables  supplied  with  all  units. 


LINEAR  SYSTEMS,  INC. 

220  AIRPORT  BLVD.,  WATS  ON  VILLE,  CALIFORNIA  95076 

New  Telephone:  722-4177  (Area  Code  408) 
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This  oscillogram  was  made  by  driving  the  amplifier 

to  overtood  distortion,  then  switching  in  compres- 
sion. Note  the  lock  of  distortion  when  compression 
is  opplied  to  the  signal.  What  appears  to  be  phose 
shift  is  o  result  of  the  method  used  to  get  this 
photo  and  is  not  caused  by  the  compressor, 

and  fall  in  drain- so mce  resistance  is  switching 
C2  on  and  off. 

One  of  the  advantages  of  this  circuit  is^  that 
because  Q4  is  capacitor-coupled  to  the  source 
of  Ql  tliere  is  no  change  in  bias  current  and 
therefore  no  distortion  due  to  diiving  Ql  into 
the  nonhnear  region.  Another  advantage  is  that 
the  sudden  application  of  control  voltage  will 
not  cause  an  objectionable  transient  thump, 

Tlie  circuit  does  have  a  minor  fault,  but  one 
which  will  have  no  effect  on  normal  opera- 
tions. As  tlie  input  voltage  is  increased  the 
control  voltage  will  approach  pinchoff,  and 
*Vemoting''  will  take  place  .This  is  because  Q4 
will  be  operating  in  the  "remote**  region  of  die 
characteristic  curve.  In  this  region,  as  the  posi- 
tive potential  to  the  gate  is  mcreased  there  mil 
be  no  increase  in  the  compression  range  since 
the  FET  does  not  follow  square  law  behavior 
at  low  drain  currents  and  tliere  is  no  sharp  cut- 
off. This,  incidentally,  may  illustrate  the  differ- 
ence between  "pinchoff''  as  applied  to  the 
FET^  and  "cutoff"  as  applied  to  a  triode  vac- 
uum tube  when  tlie  grid  bias  is  increased.  This 
small  fault  should  cause  no  trouble  when  the 
compressor  is  vised  with  a  microphone  input 
since  the  voltage  developed  by  the  micro- 
phone will  never  reach  a  level  where  "remot- 
ing"  can  take  place,  and  is  only  mentioned 
here  as  a  point  of  interest* 

Construction  And  Testing 

No  difficulties  should  be  encountered  in  con- 
structing this  unit  With  the  exception  of  the 
switch  and  output  level  control,  all  compo- 
nents, inchiding  an  RF  filter  not  shown  in  the 
circuit  diagram,  were  mounted  on  a  piece  of 
perf-board  measuring  IJ2  x  23b  inclies.  An  RF 
filter  was  included  in  the  final  construction  as 


an  added  precaution  against  stray  RF  being 
pkked  up  and  rectifitd,  but  this  filter  may  not 

l>f'  necessary  in  all  cases* 

m 

Wlierever  possible  the  coniponents  were 
mounted  in  a  vertical  position  in  order  to  con- 
serve space.  With  doui>le'endcd  components, 
such  as  re:>iisiui2i,  and  surnt:  tapacitorSj  llit^  tecii- 
nique  is  to  bcml  one  lead  back  tox^ntrk  liie 
b-   '     of  the  con  nt  so  that  both  I      i>  will 

face  in  the  same  direction,  tlms  forming  a 
single-ended  compoiitnit.  The  two  leads  are 
then  placed  in  adjacent  holes  in  the  perf -board. 

Although  tlie  unit  is  compact  enough  to  be 
mounted  in  ii  iiiiall  Minibox,  unt:  measuring 
4  X  5  X  6  inches  was  used.  This  large  size 
Minibox  allows  the  contiols  to  be  mounted  con- 
veniently on  die  front  panel  without  crowding, 
and  also  allows  the  use  of  a  kirger  sized  bat- 
tery. Instead  of  chassis  t>pe  of  connectors, 
cable  type  connectors  attached  to  short  pieces 
of  shielded  mike  cable  were  used.  This  elimi- 
nates the  use  of  a  patch-cord  between  the  com- 
pressor and  the  transmitter,  and  permits  easy 
chiuiges  to  be  made  in  the  future  in  die  event 
that  a  new  tiHtsniitter  might  use  a  different 
type  of  mike  connector. 

The  test  procedure  is  quite  simple,  A 
VTV'M,  and  oscilloscope  (if  available)  is  con- 
nected to  the  output.  A  400  Hz  audio  signal 
is  fed  to  the  input.  If  a  signal  generator  is  not 
available  a  iTiicrophune  picking  up  a  beat  note 
from  a  receiver  will  suffice. 

The  compressor  switch  is  turned  to  position 
tlirce  and  llir  audio  input  level  is  adjusted  to 
give  an  output  reading  of  100  mV  with  the 
output  level  control  turned  full  up.  With  the 
switch  in  this  position  no  compression  is  being 
applied  to  the  signal.  Note  the  waveform  and 
amplitude  of  the  signal  on  the  oscilloscope;  the 
display  should  show  a  pure  sine  wave. 

Without  further  adjustment  of  the  input  sig- 
nal, turn  the  compressor  switch  to  position  two. 
Witli  the  switch  in  this  position  compression  is 
no\^^  being  applied  to  the  signal.  The  output 
reading  should  drop  to  18  mV  for  15  dB  of 
compression.  Tlie  oscilloscope  display  should 
also  indicate  this  drop  in  output,  and  wave- 
form should  remain  a  pure  sine  wave  but  lower 
in  amplitude. 

S\\  itch  the  compressor  back  to  position  diree 
and  increase  the  input  signal  so  that  the  out- 
put now  reads  200  mV.  This  is  an  increase  of 
6  dB  in  output  which  also  roughly  corresponds 
to  a  6  dB  increase  in  input  since  at  these  signal 
levels  tlie  amplifier  gain  is  quite  linear.  Again 
note  the  oscilloscope  display. 

Without  changing  the  input  signal  switch 
the  compressor  to  position  two  to  apply  com- 
pression.  The  output  reading  should  now  be 
about  20  mV  indicating  20  dB  of  compression. 
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Except  for  a  lower  amplitude  the  oscilloscope 
pattern  should  remain  the  same.  Note  that 
althougli  the  input  signal  had  been  increased 
by  about  6  db  with  no  compression^  imder 
compression  tlie  output  signal  change  was 
about  1  dB. 

This  comx^letes  the  testing,  but  an  interest- 
ing little  experiment  can  be  conducted  here  Isy 
carrying  these  tests  to  the  point  where  "re- 
moting"  takes  place.  It  is  also  interesting  to  see 
that  \\'hen  the  input  is  increased  to  a  point 
where  overload  dislortion  takes  place  witli  no 
Gompression,  by  switching  in  compression  the 
overload  distortion  will  disappear.  This  is  be- 
cause negative  feedback  is  now  applied  and  a 
new  input  level  is  set  for  overload  distortion. 

Operation 

Because  there  is  only  one  control  to  adjust, 
tfre  output  level  control,  operation  is  virtually 
self-explanatory. 

Witl)  the  eompreiision  switch  in  position  one, 
speak  into  the  mike  and  adjust  the  transmitter 
audio  gain  control  for  proper  operation*  Since 
the  mike  is  feeding  straight  through  to  the 
transmitter  the  audio  gain  control  should  be 
at  the  usual  setting. 

Turn  down  the  compressor  output  level  con- 
bol  and  turn  the  switch  to  position  two.  Speak 
into  the  mike  and  slowly  turn  up  the  output 
controk  Proper  setting  for  this  control  will  be 
indicated  on  the  transmitter  when  full  modula- 
tion is  reached.  If  VOX  is  used,  and  if  it  had 
been  margiuid  before,  back  off  a  little  on  the 
transmitter  audio  gain  control  as  the  compres- 
sor output  level  control  is  advanced,  A  few 
minutes  of  adjusting  should  show  the  proper 
settings  for  the  audio  gain  control  and  VOX 
controls  of  the  transmitter,  and  the  output 
level  control  of  audio  compressor. 

Note  that  when  the  compressor  is  first  turned 
on  an   initial  transient  siu'ge  wnll   render   the 


tijinpressor  momentarily  inoperative,  but  the 
amplifier  will  recover  rapidly.  Also  note  that 
position  three  of  SW'l  is  not  used  during  op- 
eration. 

Conclusion 

Although  a  9  volt  battery  supply  was  used 
in  the  design  of  this  compressor^  voltages  rang* 
ing  from  6  to  12  volts  have  been  used  success- 
fully. An  ac  pack  could  be  used  providing  it 
is  well  filtered.  The  power  source  could  also 
come  from  the  transmitter  filament  transformer 
by  using  a  pair  of  diodes  in  a  voltage  doubler 
circuit,  and  a  proper  filter.  Bear  in  mind 
thougli,  that  any  additional  leads  brought  into 
the  Minibox  could  introdu<  r  ac  hum,  and  stray 
RF  pickup* 

If  compre^ssor  is  to  be  operatrtl  dlrectlv  from 
a  12  volt  car  battery  in  a  mobile  installation^ 
all  12  volt  capacitors  should  be  changed  to  15 
volt  units.  Also  observe  proper  ground  polarity; 
since  the  circuit  as  shown  in  the  diagram  has 
a  i>ositive  ground. 

Only  the  U-110,  and  U-112  FETs  were 
tried  in  this  circuit.  Undoubtedly  with  minor 
component  changes  other  FET's  will  work  just 
as  welL  In  any  case  Q4  should  have  a  low 
pinchoff. 

The  diodes  Dl,  D2  have  been  specified  as 
lN274's,  but  other  diodes,  including  the  ^'dol- 
lar  a  doscen"  variety,  were  tried  vvdtli  satisfac- 
tory results. 

Resistor  R9  sets  the  compression  thresliold, 
A  higher  resistance  will  lower  the  threshold. 
Replacing  R9  with  a  combination  fixed  and 
variable  resistor  will  allow  the  tlireshold  to  be 
adjusted. 

Several  other  refinements,  such  as  a  meter 
to  read  compression,  could  be  made,  but  the 
additional  cost  would  defeat  one  of  the  pri- 
mary aims,  a  low  cost  audio  compressor, 

.  ,  .  K3VNR 
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ALLTRONICS  HOWARD  MODEL  L  RTTY  CONVERTER 

Telewriter  Medel  **L"  fr<*quency  shift  converter  designed 
for  two-tone  AM  or  FM  with  Umiter  operation  available 
by  switch.  Solid  state  ratio  corrector  compensates  for  fad- 
Ini?  signals.  Permits  copying  on  Mark  or  Space  onlj'-  Selec- 
tor magnet  dc  loop  supply  built-in  with  bias  supply  and 
octal  socket  for  aptlonal  polar  relay  to  key  transmitter. 
6W&  keyer  tube.  Plug- in  dlscrlmlDator  for  S50  cycle  or 
other  shifts.  Cathode  xuf  or  dual  eye  indicator.  Auto-start 
coniTOl  system  optional.  Prices  for  19*  rack  mounting: 
Model  *'V  with  dual  eye  SJS9.  Model  -'L"  with  C  R,  tube 
indicator  ^9.  Cabinet  %idM 

ALLTRONiCS— HOWARD    CO. 
Box    19i    BosiOQp    Mnss.    dZW.    Tel.    eil-74^  0O4S 
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Ba^ed    on    modern    piychoVogleQil 
techniques— This  course  will  tokfl 
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New  from 

Foi  10,  IS,  and  20  iheIns 


Yes,  here  if  is  from  Mosiey  -  -  o  TW- 
Band  Trop-Master  beam  (I  KW  AM/CW 
and  2  KW  P.E.P.  SSB)  feafpn^  o  NH\V 
Mos/ey  matching  systeWf  "Broad  Band 
Matching*^  with  coax  fed  balanced  e/e- 
ment  for  even  more  antenna  efficiency 
and  additional  gain!  


L 


This  'Classic^  New  addition  to  the  Trap- 
f^aster  family  of  beams,  incorporating  the 
All'' Met  a  I  encased  traps  made  famous  by 
the  original  and  still  extremely  popular 
TA^33  beam,  brings  you:  (1)  A  fronf-fo- 
back  of  20  dh.  or  better  on  15  and  20; 
15  db.  on  10  meters,  (2)  A  gain  of  8  db. 
over  reference  dipole  or  10.  J  compared 
to  isotropic  source,  (3)  A  longer  boom 
for  even  wider  element  spacing*  (4)  A 
5WR  of  1.5/1  or  better.  (5)  Priced  to  fit 
your  budget. 

^95b 

FOR     MORE     INFORMATION     WRITE: 


i 


46  to  N.>^k!JJ P BjI RG  H_  g L  V_D..  -B Ri  DG  ETC N  MO.  63042^ 


Tool  Holder 

This  little  gadget  is  very  useful  for  holding 
those  small  tools  for  alignment,  pencils,  solder- 
ing aids,  etc-  The  tray  holds  small  items  tem- 
porarily removed  from  equipment.  You  can 
see  from  the  photo  that  the  construction  re- 
quires onl\  an  orange  can  and  tlie  lid  from 
a  coffee  can.  A  coat  of  paint  improves  the 
appearance. 

,   .   -  Lou  Bueke  W3UGR 
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Tester 


Here  is  a  simple  transistor  tester  designed 
to  check  the  leakage  and  gain  of  any  low  or 
medium  power  NPN  or  PNP  transistor.  The 
circuit  is  shown  in  Fig.  1.  It  can  easily  be 
built  from  junk  box  or  surplus  parts  at  low 
cost,  A  common  mult i tester  is  used  for  the 
meter. 
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To  check  transistors  for  Ico  (leakage),  set 
switcli  S^t  to  Ico  and  S,  to  PNP  or  NPN  de- 
pending on  the  type  of  bansistor.  Insert  the 
transistor  in  the  socket,  being  careful  not  to 
short  the  leads.  If  the  meter  reads  over  250  ^a 
for  transistors  other  than  power  transistors, 
the  transistor  is  defective.  Low  power  transis- 
tors should  have  very  little  leakage,  1-5  im. 
Medium  power  ones  have  more,  up  to  10  ^a. 

If  you  don't  know  whether  the  transistor 
is  PNP  or  NPN,  use  the  lower  setting  as  you 
switch  from  NPN  to  PNP.  To  check  for  gain, 
pnsii  So  to  Gain.  The  meter  reading  should  be 
20  to  40  times  the  value  of  Ico  as  read  l>efore. 

.    .    .  Ralph  Sergo  K2PYE 
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km\m  Mobile  Anienna  lOOO 


DX'ers  p  .  .  For  a  commanding  mobile  signal,  Mosley  an- 
nounces the  New  mobile  Lancer  1000  rated  for  1  KW  AM  and 
^2  KW  P,E.P,  SSB  input  to  the  final  on  10,  15,  20,  40,  75/80 
meters!  This  reasonably  priced  New  mobile  antenna  offers 
you  these  outstanding  features: 


^ 


Interchongeoble  coils,  performonc^-tested  fo  take  constant  KW  use, 
(10  meters  does  not  require  a  coit.) 

A    reduction    of   corona    effect    due    to    a   Mosley    innovated   Corona 
Ring  located  at  antenna  tip- 
Antenna     peaking    to    desired    band    frequency    with    odiustment    in 
whip  section. 

Capocity      coupled     top     whip     section     for     maximum    efficiency* 

Effective  matching  through  Direct   Coupling  on   10,   15,  20  meters; 
capacity  matching  on  40  and  75/80  meters. 


All    these  features  mean  a  challenging  2  KW  P.E«P.i  mobile 
signal    -  -   the   kind  of   signal    you   expect  from    Top  Quality 

Mosley  antennas!      pQR  COMPLETE  INFORMATION  WRITE: 


4610  N     LINDBERGH   BLVD., 
i?lC  BRIDGETON,  MO.  63042  {#98j 
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George  Daughters  WB6AIG 
1613   Notre  Dame  Drive 
Mountain   View,   Colrfornio  94040 


The  Kindly  Keyer 


Tin's  electiuiiic  keyer  in  similar  in  block 
diagram  to  the  popular  "Biigless  Bug"i  and 
uses  approximately  the  same  techniques  to 
generalf  the  signals.  It  is  kind  to  the  pocket- 
book  and  to  the  operator.  Tt  has  a  speed 
range  of  1  wpni  to  a  rate  far  exceeding  100 
wpm ! 

it  was  developed  in  response  to  a  question 
by  K7UTF,  "VT"  Green,  and  uses  the  low- 

Ceom;  former  K9KDE,  ix  a  research  assist mu 
(BS,  lUintm)  at  Palo  Alto  Medical  Research 
Fnumhilion.  He  trnjoys  home-brewing  (his  rig 
in  all  IraustHior-all  home  brew)  and  CW  con- 


sts. 


priced  silicon  epoxy  transistors  and  micrologic 
elements  now  available  from  Fairchild.  The 
total  cost  is  on  the  order  of  S30.00  with  all 
new  parts  it  you  have  a  machinist  friend  (or 
some  dexterity)   to  pro\ide  a  paddle. 

Operation 

Moving  the  paddle  to  the  "dit"  position 
causes  the  saturating  switch  Q^,  to  turn  ofl: 
{uL.iH  is  just  an  inverter),  albwing  the  block- 
ing oscillator  Q^  to  rmi,  providing  a  series  of 
very  short  negative  pulses  to  the  pair  of  in- 
verter amplifiers  mLia  and  uL^v  These  pro- 
duce a  fast  rise  and  fall  time  suitable  for  tog- 
gling the  flip-flop,   ijLg.s  The  output  of  the 
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Fig.  1.  Circuit  diagram  of  the  Kindly  Keyer.  Power 
supply  connections  to  the  M-Logics  are  not  shown. 
Eliminote  dotted  capacitor.  Lobef  connections  to 
M.L2  ond  fiL4  S,  T  and  C  from  the  top.  See  Fig,  2. 
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flip-flop  is  inverted  by  MLp,^  and  fed  to  the 
inverter  Q3  and  relay  driver  Q4.  Thus  tlie 
relay  (and  the  monitor— a  version  of  G.E/s 
"Transistor  Manual"  audio  oscillator)  are  ke>  ed 
at  a  rate  which  is  K  that  of  tlie  blocking  oscil- 
lator. (The  ffip-flop  toggles  only  on  negative 
going  slopes,) 

For  dahs,  all  of  the  above  happens,  but  the 
gate  iiL'SB  allows  the  second  flip-flop  ML4  to 
toggle  also  and  the  output  of  this  flip-flop  is 
combined  with  [iL2's  output  to  make  a  dah. 

To  obtain  self  completion  of  a  dit  or  dah, 
the  OLilput  of  14L5A  'Z*'  is  used  to  keep  the 
blacking  oscillator  going  as  long  as  a  figure  is 
in  progress.  The  Jlip-flap  pL^  is  assured  of 
returning  to  the  proper  state  by  keeping  the 
gate  iaL;jjj  open  until  a  dah  is  completed. 

CoJi^b'uction 

The  author's  unit  (Fig.  1)  is  built  on  ape 
board  as  shown  in  Fig.  3.  It  can  be  easily 
"hard  wired",  of  course.  The  parts  layout 
shown  is  convenient,  leaving  room  for  the 
paddle  mechanism.  Micrologic  wiring  is  a 
pleasure  since  all  one  does  is  hook  wires  where 
he  wants  the  signal  (or  ^npply  voltage)  to  go. 
To  indicate  the  savings  in  pails  here,  the  ac- 
tual schematic  of  the  flip-flop  is  shown  in 
Fig.  2.  The  author's  unit,  \vit!i  3  dry  cells  and 
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Fig.    2.    Schematic    and    basing    diagram    of  the 

fip-flop  used  in  the   Kindly  Keyer.  A  look  ot  this 

well    illustrates   the    odvantoge    of    integrated  cir- 
cuits over  individual  components. 


Here's  the  Kindly  Keyer 
opened    up    to    show    the 

etched  circuit  board  with 
the  integrated  circuits  in 
place. 
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Fairchrld   epoxy   encopsuled    integrated    circuits, 

a  I'S"  speaker  for  the  monitor,  is  l^uilt  in  a 
2"x4''x4"  box. 

Conclusion 

An  electronic  keyer  whose  electrical  quality 
and  operation  are  not  exceeded  by  any  on  the 
market  has  been  described.  The  little  unit  has 
only  one  disadvantage— it  draws  quite  a  bit 
of  current.  With  the  unit  on  but  idling  (since 
there  are  about   15  transistors   saturated),   it 


draws  about  60  ma  from  the  3V  supply^  That 
is  why  ''C*  cells  were  chosen.  During  a  dit 
or  dah,  tliis  changes  negligibK  but  all  cells 
are  then  delivering  relay  and  tone  oscillator 
current,  about  25  mA. 

The  size,  weight,  cost  and  operation  of  the 
unit  are  just  right  for  carrying  to  the  exam- 
iner's office  for  an  extra  class  exam! 

.  WB6MG 
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i*The    Bu^less    Bug/'    Gilbert    L.    Boelke    W2EUP    QST; 

September,    1963, 

"The  flip-flop  nnm  a  charge  storage  principle  for  togglin(?, 
and  is  itisensitive  to  D.C.  (or  ©low)  changes  in  level. 
See   JJ^2B   data   iiheet. 
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Fig.  3-  Full  size  layout  of 
the  etched  circuft  boord 
used.  The  components 
are  on  the  opposite  side 
OS  this  is  the  copper  side. 
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Dont  thrott)  away  that  silicon  transistor 
with  a  shorted,  open,  or  broken  lead.  Use  it 
as  a  zener  diode  or  varicap  (varactor). 


Save  That  Transistor! 


Need  a  low  cost  ^ener  diode?  Or  how  about 
a  low  cost  voltage  variable  capacitor  (vari- 
cap)? How  many  times  have  yoii  bad  the  de- 
sire to  regulate  that  mobile  converter,  but 
didn't  want  (or  couldn't)  spend  the  2  or  3 
dollars  additional  for  a  zener  diode?  Or  how 
about  that  tunable  converter  you  wanted  to 
remote  tune  by  voltage,  but,  oh,  the  price  of 
tiie  varicaps?  Well,  stop!  Remember  tliat  sili- 
con transistor  with  the  broken  lead,  or  the  one 
with  the  open  collector,  or  was  it  the  emitter 
lead  that  was  open?  Aiiyway,  if  you  threw  it 
away,  you  could  have  throw^n  away  that  low 
cost  zener  or  varicap  you  needed* 

First  let's  see  wliat  yon  could  have  done  for 
a  zener.  By  reverse-biasing  the  emitter-base 
junction  of  a  silicon  transistor,  you  have  a 
very  handy  zener  diode.  Some  silicon  transis- 
tors even  exhibit  better  zener  diode  character- 
istics than  some  of  the  diodes  sold  specifically 
as  zeners. 

Of  course,  the  first  obvious  test  is  to  de- 
termine what  the  zener  voltage  is  for  your 
specific  transistor.  Generally,  most  (there  are 
always  exceptions,  of  course)  silicon  NFN 
transistors  will  exlnbit  a  zener  actirai  sonie- 
where  between  6  and  11  volts,  (Pretty  ideal 
for  mobile  regulators).  Fig.  1  shows  the  hook- 
up for  determining  the  ^ener  voltage*  A  value 
of  470  ohms  for  11 «  is  sufficient  to  limit  the 
current  to  a  safe  value  while  determining  the 
zener  voltage.  Connect  a  variable  power  sup- 
ply as  shown  and  connect  a  VT\'M  from 
emitter  to  base.  Notice  that  the  collector  is 
not  connected  and  is  not  needed  in  tins  ap- 
plication* Now,  slowly  increase  the  injjut  volt- 
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Fig,  1.  Checking  the  zener  voltage  of  diode  junc- 
tions in  NPN  transistors.  Rb  can  be  about  470 
ohms  for  these  low  voltage  diodes.  It  limits  current 
flow  to  keep  from  damaging  the  junction  in  the 
transistor. 
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age  while  monitoring  the  voltage  output  on 
lliG  VTVM,  At  a  specific  voltage  input,  the 
voltage  out  will  stop  increasing.  Any  further 
increase  in  the  input  voltage  beyond  tliis  point 
will  now  cause  only  a  very  slight  increase  in 
output  voltage.  The  voltage  as  read  on  the 
VTVM  is  your  zener  diode  voltage.  The  next 
question  asked  is,  *'OK,  but  what  range  of 
current  can  I  regulate?"  A  rule  of  thmnb  here 
is;  divide  the  voltage  obtained  as  the  zener 
voltage  into  the  free  air  dissipation  rating  of 
the  transistor.  For  example,  if  the  transistor 
zenered  at  10  volts  and  is  a  300  inW  device, 
the  10  volts  into  300  mW  gives  30  mA.  This 
would  be  a  safe  operating  limit*  However, 
tests  indicate  that  this  isn't  necessarily  tlie 
maximum  limit,  but  it  is  unlikely  tliat  you 
would  regulate  a  circuit  diawing  more, 

OK,  now  you  know  what  the  zener  voltage 
is  and  have  an  idea  as  to  the  amount  of  cur- 
rent you  can  regulate.  Let*s  apply  tliis  to  a 
more  specific  example.  Suppose  )0U  want  to 
regidate  that  mobile  converter*s  oscillator 
stage.  Let's  say  your  transistor  zeners  at  10 
volts.  With  10  volts  on  your  oscillator  stage, 
it  draws  3.73  mA,  Since  it's  mobile,  you 
will  vary  between  the  12  volts  from  the  bat- 
tery to  approximately  14,7  volts  at  maxraium 
generator  output.  Fig.  2  shows  the  hook-up. 
The  only  requirement  is  to  determine  the 
Vcdue  of  R^  so  that  the  transistor  (oops— I 
msan  zener)  will  regulate  properly  with  a  vari- 
able input.  To  determine  R^,  the  following 
formula  is  used: 


It, +  0.1     I 


w 


lowest  voltage  input 
2:ener  voltage 
load  current 


Therefore,  in  the  example^  V|^  —  12  volts, 
Vy=:]0  volts,  and  li^  —3.75  niA.  Using 
these  values  and  S{>lving  for  R^  gives  a  value 
of  485  ohms  for  the  series  resistor.  A  470  ohm 
resistor  woidd   do   quite  nicely.   As   a   clieck, 
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Fig,  2.  Using  a  transistor  os  a  zener  diode  to  stobi- 
lize  Q  transistor  oscillator  stage.  Selection  of  R«  is 
discussed  in  the  text. 


let*s  determine  what  the  majdmiiin  current 
\^ill  be  through  the  zener.  This  wiU  occur  at 
the  14.7  volt  input.  At  this  level,  R,,  would 
have  to  drop  4,7  volts.  This  represents  a 
total  current  thru  ugh  tlie  470  ohm  resistor  of 
10  mA.  The  oscillator  stage  draws  3-73  mA. 
Therefore,  only  6.25  mA  is  flowing  through 
the  zenen  whicli  is  well  within  the  dissipation 
rating  of  the  device.  In  like  respect,  at  the 
low  voltage  input,  R^  drops  only  2  \olts  which 
represents  a  total  current  of  4.25  mA.  The 
zener  draws  only  .5  mA  in  this  case- 

If  your  stage,  which  you  desire  to  regulate, 
has  a  variable  current  requirement  as  well  3S 
a  variable  \oltage  input,  use  the  following 
formula  to  determine  the  series  resistor^  R^: 


where:    Ij^ 


mux 


maximum    load   current 


In  ]ik("  respect,  if  the  input  voltage  is  con- 
stant and  the  load  current  variable,  use  the 
same  formula  jus  I  given,  with  input  voltage 
used  in  place  of  Vj^, 

These  formulas  are  based  on  the  premise 
that  for  conservative  designs,  the  empirical 
factor  of  10%  of  the  maximum  load  current 
should  be  u.scd  for  minimum  zener  current. 
In  other  words,  the  zener  then  is  capable  of 
regulating  from  this  miuimuin  current  up  to 
the  value  of  maximum  zener  current  as  gov- 
erned by  the  dissipation  rating  of  the  tran- 
sistor. If  your  change  in  input  is  small,  a  fig- 
ure of  20%  may  be  used  to  better  advantage 
for  a  little  belter  regulating  action. 

Table  1  shows  typical  zener  voltages  meas 
sured  on  various  transistors,  AU  but  tlie 
2N709  are  available  for  under  $1.00  as  com- 
pared to  zener  diode  prices  ranging  from  sev- 
eral dullars  and  up.  Notice  tliat  some  (the 
exceptions)  like  the  2N94  have  a  very  high 
zener  which  limits  the  usable  current  range. 
(Possibly  low  current  B-f  regulators?) 

Pay  particular  attention  to  the  Faircliild 
2N3567,  Tins  device  sells  in  the  neighbor- 
hood of  60  cents  and  exhibits  extremeh"  good 
zener  action.  It  also  exldbils  another  charac- 
teristic to  be  covered  next. 

Now  let*s  forget  that  enutter  lead  and  use 


instead  the  collector  lead  in  conjunction  wilh 
tlic  base  lead.  Fig*  3A  shows  a  typical  varicap 
luncd  tank  circuit  and  3B  shows  a  NPN  tran- 
sistor comiected  for  use  as  a  varicap.  Ci  in 
the  figure  isolates  the  varicap  from  DC.  For 
this  application,  device  dissipation  is  of  little 
concern  as  only  leakage  current  is  flowing  and 
will  be  quite  insignificant.  As  with  any  series 
comiection  of  capacitors,  some  consideration 
must  be  given  to  C|.  If  this  capacitor  is  quite 
large,  compared  to  the  varicap,  then  the  tun- 
ing range  of  the  tank  circuit  will  be  in  direct 
proportion  to  the  maximum  change  of  the 
varicap's  capacitance  with  ax^plied  voltage.  If 
it  is  smaller  than  the  varicap,  then  the  change 
in  frequency  with  tlie  change  in  the  varicap's 
capacitance  with  voltage  will  be  smalL 

There  are  tw*o  means  bv  wliich  vou  can 
determine  whether  or  not  vour  silicon  tran- 
sister  will  be  suitable  as  a  varicap.  Some  will 
have  only  a  minor  change  in  capacitance  with 
voltage  changes  and  others  will  have  a  greater 
change.  The  first  metliod  and  by  far  the  sim- 
plest is  to  refer  to  tlie  data  sheet  for  the 
transistor  in  question.  If  you  re  lucky,  this 
capacitance  change  with  voltage  will  be 
graphically  plotted.  The  graph  to  look  for  is 
the  output  capacitance  versus  reverse  bias 
voltage.   This   is  listed   on   the   data  sheets  as 

^oii  (Ik  =  0). 

Tlie  second  method  is  to  actually  connect 
the  transistor  in  question  to  a  tank  circuit  such 
as  tliat  shown  in  Fig.  3B.  Use  a  large  by-pass 
such  as  a  .001  for  C^  and  a  100  K  resistor  for 
R  j .  Place  a  suitable  coil  of  known  inductance 
across  the  transistor  and  capacitor  as  show^n. 
App!y  a  DC  voltage  of  0*5  to  1  volt  and  then 
using  a  grid  dip,  find  the  resonant  frequency 
of  the  tank  circuit.  Increase  the  supply  volt- 
age until  further  increases  have  little  effect 
on  the  resonant  frequency.  Compute  the  value 
of  the  transistor's  capacitance  at  the  low  volt- 
age level  and  at  the  higli  voltage  level.  This 
gives  you  the  range  of  capacity  versus  the 
v^oltage  change  required  to  produce  this  ca- 
pacitance for  the   transistor  in   question. 

Depending  upon  the  application  you  have 
in   mind,   it's   advisable   to   actually   plot  the 
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Fig,  3.  Use  of  o  varicap  or  tronsisfor  as  a  voltage 
variable  capacitor  in  a  tank  circuit. 


capacity  versus  the  voltage.  As  with  a  true 
\arit:ap,  maxinium  cai>acitance  occurs  at  a 
low  voltage  and  minimnm  capacitance  at  the 
higher  voltages.  The  rate  of  capacitance 
change  is  greater  at  tlie  lower  voltage  changes 
and  vice  versa*  For  tuning  applications,  you 
would  he  concerned  priinaiily  with  capaci- 
tance change  obtainable  for  the  range  of  volt- 
age you  have  available.  However,  for  an  ap- 
plication  such  as  producing  FM,  it  is 
advisable  to  choose  a  section  of  the  curve 
where  linearity  is  achieved  and  bias  the  vari- 
cap to  this  value  of  voltage  through  a  suita- 
ble divider.  Then  by  applying  an  audio  volt- 
age to  the  varicap,  a  linear  swing  plus  and 
minus  may  be  achieved*  Be  sure  that  your 
bias  point  is  sufficiently  high  so  that  the  level 
of  applied  audio  voltage  doesn't  overcome 
the  bias  on  the  varicap  causing  it  to  conduct. 
Remember  the  Fairchild  2N3567  mentioned 
before  for  use  as  a  zener?  Well,  here  it  is 
again.  This  little  device  exhibits  exccIliMil  \^ari- 
cap  characteristics.  The  capacitance  and  the 
capacitance  change  is  ideal  for  a  wide  range  of 
applications  such  as  tuning,  AFC,  FM,  etc. 
Fig*  4  shows  lliL   typical  C„»,  of  tliis  device. 


As  an  example  of  the  range  possible  wiUi  this 
particular  device,  c*onsider  a  control  voltage 
from  0,5  volts  to  10  volts*  This  represents  a 
capacitance  of  approximately  28  pF  and  13 
pF  respectively.  This  is  a  capactance  ratio  of 
2,15  to  1  which  represents  a  possible  fre- 
quency ratio  of  1*46  to  1,  In  other  words,  you 
could  tune  from  40  MHz  to  58.4  MHz  or  by 
proper  choice  of  the  coupling  capacitor  you 
could  easily  cover  50  to  54  MHz. 

Incidentally,  this  2N3567  can  also  be  used, 
of  all  things,  like  a  transistor.  It  is  designed 
primarily  for  amplifier  and  switching  applica- 
tions. It  exhibits  a  40  vult  collector  to  emilter 
voltage  and  300  mW  dissipation.  Purchasing 
three  of  these  devices  at  approximately  $1*80 
would  enable  vou  to  build  a  fairly  lo\\^  cost 
zener  regulated,  voltage  timed,  oscillator  or 
RF  stage. 

As  mentioned  previously,  some  transistors 
only  change  several  pF  with  voltage  change, 
but  don't  overlook  (he  possibility  for  FM 
transmitters  where  you  only  require  25  kHz 
or  less  swing  where  a  small  change  in  capaci- 
tance would  be  sufficient. 

The  apphcations  given  in  this  article  are  all 
for  NPN  silicon  transistors  since  the  most 
common  silict)ns  are  NPN.  There  are  a  number 
of  inexpensive  PNP  silicons  now  available  and 
they  can  be  used  if  you  reverse  the  voltage 
shown. 

So  next  time  you  start  to  pitch  that  NPN 
transistor  with  the  open,  or  broken  lead,  stop 
and  consider  the  odaer  possible  applications 
for  it  as  a  zener  or  varicap. 

,  .  .  K9VXL 
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OUTPUT  C/tfW:[TANCE 
2N3567 


REVERSE    BIAS   VOLTAGE 

Ffg,  4.  Capacitance  versus  reverse  bios  voltage  for  the  base  collector  junction  of  the  Fairchild  2N3567 
transistor. 
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Letters 

Dear   73: 

Ri*:  The  article  on  AGC  by  Jim  Kyle  on  paige  71-2  in 
the  May  7S>  4  ms  rise  time  is  too  fast  under  condititma 
uf  imiJulae  tioiae*  n  factor  overlooked  by  tlie  authon  1 
have  had  to  deliberately  compromise  it  down  to  about 
15  ms  in  order  to  copy  best  tinder  static,  otherwise  the 
noise  '*loads  up"  the  AGC  so  otherwise  copyable  signab 
are  unbearable.  Therefore  I  believe  a  slower  attack  time 
to  be  a  jnxist  unjess  it  can  be  varied-  The  distortion 
caused  by  the  slower  15  ms  rise  time  is  quite  smalL 

Will    Henry    K2AHB 
BF    Communications,    Inc, 
Rochester,    N.    Y* 


Dear  Panl, 

After    my 


*r 


article  on  "Choo.^iniff  IF  and  Mixer  Fre- 
quencies appeared  in  the  April  issue  of  73,  it  occured  to 
me  that  some  of  the  information  in  the  article  might 
be  misleading:  from  some  of  the  correspondence  I  havL- 
received  J  this  has  evidently  occurred  to  some  of  your 
readers  too.  First  of  all,  let  me  point  out  that  both  the 
local  oscillator  and  incominfr  sij^nal  must  be  present  to 
generate  a  birdie.  In  addition*  because  of  the  selective 
circuitB  at  the  front  end  of  the  con%^erter*  it  must  l>e 
tuned  to  this  i>oint  in  the  band.  If  there  is  not  a  signal 
at  the  spurious  point  or  if  the  receiver  is  not  tuned  to 
that  point,  no  birdie.  Therefore,  before  your  readers 
scrap  an  of  their  converters  on  the  basis  of  the  param* 
eters*  presented  in  the  article,  they  should  take  a  close 
look  at  their  operating  condition  and  locale.  If  there 
are  not  apt  to  be  any  signals  at  the  spurious  points 
and/or  they  are  not  intere.sted  in  working  that  part  of 
the  band,  then  obviously  any  birdies  that  occur  from 
time  to  time  are  of  no  consequence- 
Jim  FIsk,  WA6BSO 
Ban     Jo^e,     Catifornia 


Dear   73; 

Keep    up    the    good    work, 
better  every   issue. 


Your    magazine    is    getting 

Levi    Mayes 


Dear   73: 

Here's  my  renewal-  I  was  going  to  let  it  lapse.  The 
magazine  isn't  too  great  anymore^ — not  as  good  as  it 
was   the   first  year  but  none  of  the  competition   is  much 

bet  ter 

W.  K,  McKeflip**  WA6LGI/4 

Albany,   Georgia 

Dear   Paul: 

I  just  received  new  pric^  on  the  FET^s  from  Texas 
Instruments  mentioned  in  my  article  in  the  May  73* 
The   2N3823    is  still    512.90,   but  the   TI534    has    been    re- 

duced   from  57.80  to  $4.50, 

jAck    McKay    WA5KLY/6 

^tanford^    Cnlifornia 

Dear   73: 

if  you  can't  lick  'em^  etc,   -   , 

SugRest  you  change  the  name  of  y:mr  magazine 
forthwith,  the  better  to  reflect  the  hamdom  of  today 
and    to  get   into  the  mainstream  of   ham   Jingo. 

Surely  it  should  b€  73's  Magazine,  or  belter  yet  Best 
73*8  Magazine* 

Let*3  get   with   it.   .   .   Is  that  a  BIG   10-4  good  buddy? 

Best    best    wishes, 
Ansel   Grid  ley   W4GJ0 
Sarasota,    Fla^ 

Dear   73: 

The  American  Morse  code  listed  in  the  article  by 
W2AAA  in  the  May  73  is  full  of  mistakes.  *'L"  is  one 
long  dash.  *'M**  is  two  dashes.  The  Ampersand  is  **BS" 
not  four  dots.  The  semicolon  is  "SL"  Parentheses  are 
designated  "FN'*  for  beginning 
parenth^es. 


and    ^'PY"    for    ending 


O,    A,    Bunker    W7ZB 
Portland,    Oregon 

The   errors  werent    W2AAA'$.    The  typesetter  and  proof- 
readers had  fits  with  those  letters.  Sorry.  PauL 
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James  Ashe  W2DXH 
Freeville,  N.  Y. 


Lambda  Lines 


Heres  the  simple^  cheap^  fast  appioach  to  lecher  lines. 


Over  the  past  few*  xenrs,  new  khuh  of  com- 
mercial gear  aud  military  surplus  have  made  it 
quite  easy  to  geneiiite  YHF  frequencies.  But 
the  problem  of  measuring  the  frequencies  has 
not  became  any  easier  for  amateurs  sliort  on 
calibrated  instruments.  Of  course  this  means 
the  newcomer  to  VIIFl  What  can  he  do  to 
fitid  what  ballpark  a  circuit  is  radiating  in,  if 
there  are  no  accurate  devices  available?  When 
tills  problem  came  up  recently,  a  simple  solu- 
tion appeared  quite  by  accident.  It  was  so 
simple,  in  fact,  that  its  simplicity  must  be  the 
feature  that  has  kept  it  out  of  the  ham  pub- 
lications. Another  first  for  73! 

The  traditional  solution  to  the  rough  fre- 
quency measurement  problem  is  to  make  up 
a  Lecher  Wire  system.  Tliere  is  some  question 
about  the  value  of  one  of  these  in  the  modern 
ham  shack.  Narrow-band  crystal-controlled 
teclmiques  guarantee  frequency  and  stability 
once  tlie  multipliers  are  tuned  properly.  In  the 
old  modulated  oscillator  days  things  were  not 
that  stable  ,  ,  ,  so  why  go  to  all  that  carpentry 
and  construction  work  for  what  fairly  well 
promises  to  be  a  use-it-once  gadget?  Particu* 
larly  w^hen  a  little  reflection  (pim  intended!) 
may  bring  out  a  cheaper,  faster  and  better 
arrangement? 

Ham  and  commercial  builders  of  \^F  gear 
have  been  using  tuned  stubs  for  years  to  matcli 
impedances^  tune  out  frequencies,  tune  in 
others,  etc.  Yet  it  seems  to  have  occurred  to 
very  few  workers  indeed  that  it  might  be 
possible    to    cut    stubs    to    length    accurately 
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Fig.  1.  Four  kinds  of  tuned  stubs,  taking  their 
fundamental  resonances  as  the  frequency  produc- 
ing the  illustrated  voltage  distribution.  This  shows 
that    none   of   them    has   a    unique    resonant    fre* 

quency. 


enougli  to  serve  as  frequenc)'  standards.  Ap- 
parently tins  can  be  done,  with  an  accuracy 
of  about  5%!  This  compares  very  favorably  in- 
deed with  the  performance  of  lower- frequency 
grid  dip  meters  and  some  signal  generators.  It's 
pretty  good  for  a  pencil  and  yardstick  opera- 
tion: the  only  other  items  required  are  some 
understanding  of  how  it  works  and  a  piece  of 
300  ohm  twin  lead,  Belden  #8235  recom- 
mended.  You  can  calibrate  that  new  GDO  for 
432  at  a  cost  of  just  a  few^  centsl 

Tlieoiy 

Many  kind.s  of  things  show  a  property  of 
tuning  sharply  to  a  certain  frequency.  This 
property  is  called  resonance.  We  hear  it 
when  a  struck  piece  of  metal  rings,  and  see  it 
in  tlie  pendulum  of  an  old  grandfather  clock, 
Tlie  grid  dip  meter  shows  a  drop  in  grid  cur- 
rent of  an  oscillator  when  a  nearby  resonant 
circuit  steals  energy  from  the  oscillator.  And 
it  is  the  nearby  resonant  circuit  that  is  the 
subject  of  this  article. 

The  basic  circuit  is  tlie  quarter-wave  stub- 
A  httle  browsing  around  in  the  handbooks  and 
earlier  issues  of  73  and  other  ham  magazines 
w'iU  tell  you  lots  about  quarter  wave  stubs. 
The  important  practical  points  are  that  the 
stub  resonates  at  certain  frequencies^  and  that 
at  these  frequencies  it  can  be  dipped  at  its 
shorted  end  in  the  same  way  as  any  other  reso- 
nant circuit. 

But  the  term  *  quarter- wave*  has  to  be  taken 
with  a  grain  of  salt.  The  tuned  stub  will  be 
shorter  than  a  free-space  quarter  wave,  be- 
cause the  dielectric  has  a  slovving-down  effect 
on  the  rate  at  which  the  RF  bounces  end-to* 
end  along  it.  Suppose  you  laid  out  a  mile  or 
so  of  twin-lead  and  transmitted  a  signal,  at  the 
same  time  sending  off  a  reference  signal  by 
space  wave-  The  reference  signal  would  arrive 
at  the  other  end  first,  in  about  5.35  microsec- 
onds. The  twin-lead  signal  w^ould  arrive  a  full 
microsecond  later,  about  a  20%  delay.  Since 
this  applies  e\en  to  short  lengths  of  twin-lead. 
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A  quarter-wave  lambda   line  for  220  MHz  being  used  to  check  GDO  calibratron.  This  line  shouia  give 
Q  good  indicotion  of  660  MHz  also. 


the  delav  must  be  taken  into  account  for  ac- 
corate  measurements.  Also,  there  is  a  consid- 
erable difference  in  velocity  factors  between 
different  brands  and  qualities  of  twin-lead* 

Crystals  are  often  used  in  overtone  oscillii' 
tors  for  generating  stable  VHF  frequencies. 
The  various  modes  of  oscillatiou  are  pictured 
in  the  handbooks.  Tuned  lines  will  also  show 
overtone  resonances,  and  in  the  case  of  large 
uncertainty,  it  might  just  happen  that  reason- 
able errors  could  lead  to  a  consistent  but  very 
WTong  result,  A  ha  If  wave  line  will  resonate  at 
a  frequency  f,  and  also  at  2f,  Sf^  and  so  on. 
Note  both  odd  and  even  multiples!  All  other 
resonant  lines  liave  a  similar  overtone  reso- 
nance property.  The  problem  is  slightly  aggra- 
vated by  the  convenience  of  using  relatively- 
long  lines  at  the  higher  frequencies  because 
they  are  easier  to  handle.  Tlie  solution  is  to 
cut  a  pail'  of  lines  whose  collections  of  reso- 
nant frequencies  have  only  one  resonance  in 
common.  The  recommended  lengths  are  a  half- 
wave  and  a  ihree-quarler  wave  line. 

Fig-  1  shows  four  basic  tuned  lines.  Just 
which  resonance  is  an  overtone  and  which  is 
not  depends  somewhat  on  the  application.  The 


simplest  way  out  of  this  problem  in  semantics 
is  to  say  that  the  three-quarter  wave  line  really 
doesn't  have  that  resonance  at  f/'3,  ignore  the 
quarter  and  full  wave  lines,  and  stick  to  the  re- 
maining two  for  test  work. 

At  432  MHz  a  wave  in  free  space  is  about 
27,3  inches  long.  Suppose  we  are  using  Belden 
#8235  twin  lead,  which  Belden  says  has  a 
velocity  factor  or  propagation  constant  of  0.77. 
The  twinlead  wavelength  than  is  27.3  times 
0*77  or  21  inches.  The  half  wave  stub  roust  be 
10.5  inches  long,  shorted  on  both  ends;  and 
the  three-quarter  wave  stub  15,75  inches  long, 
shorted  at  one  end.  These  are  convenient 
lengths,  not  too  long  to  use  on  t]>e  workbench, 
nor  so  short  that  percentage  accinacy  in  cut- 
ting becomes  a  big  question. 

Using  the  stubs 

The  commerciiillv  available  gild  dip  meters 
are  not  noted  for  accuracv.  Its  commonlv 
estimated  that  the  scale  calibration  can  be 
trusted  to  within  about  20%.  With  some  care, 
calibration  points  taken  from  twin-lead  resona- 
tors appear  to  be  good  to  about  5%.  The  first 
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Fig,  2.  Some  overtone  resonances  of  a  halfwave 
stub  (shorted  at  both  ends).  Fl,  F2,  F3  and  F4 
should  be  IF,  2F,  3F,  4F. 

precaution  is  accurate  construction.  Cut  the 
strips  slight!)  long»  short  one  end  of  each,  and 
cut  the  three-quarter  wave  h'ne  to  length* 
Then  go  more  carefully  at  the  other  end  of 
tlie  halfwave  Une,  which  must  be  shorted  at 
both  ends.  It  should  nut  be  too  hard  to  get 
the  correct  lengths  witliin  one  sixteenth  inch. 

When  making  frequency  checks,  the  lines 
inuhit  be  held  off  the  workbencli  an  inch  or 
two.  Use  small  boxes  or  pieces  of  cardboard. 
Probably  the  better  part  of  a  foot  distance  is 
in  order  if  the  workbench  is  of  metal  or  has 
d  copper  surface.  At  two  meters,  a  perceptil>le 
change  in  calibration  can  be  detected  if  the 
line  is  laid  out  on  a  wood  surface!  It's  very 
good  practice  to  make  up  hnes  for  two  meters 
or  lower,  and  practice  dipping  them.  Some 
refinement  of  technique  will  certainly  be  re- 
quired before  a  halfwave  and  a  three-quarter 
wave  line  can  be  made  to  dip  at  the  same 
point  on  a  standard  dip  meter.  Once  the  trick 
Is  mastered,  it  can  be  carried  up  to  the  higher 
frequencies- 

The  lines  are  dipped  in  the  same  way  as 
any  coiL  Because  they  have  a  very  high  Q, 
there  will  l)c  a  tendency  for  the  dip  oscillator 
to  pull,  or  t<j  seem  to  give  dilferent  readings 
when  tuning  down  to  frequency  and  tuning 
up  to  frequency.  The  remedy  is  less  coupling: 
move  the  dip  meter  a  little  further  away  from 
the  line  and  try  again.  Dip  the  stub  at  its 
shorted  end! 

But  what  was  that  trick  for  calibrating  a 
dip  oscillator,  mentioned  earlier?  Can*t  make 
up  a  pair  of  lines  for  each  frequency.  No  need 
to!  That's  simply  the  reliable  way  for  finding 
the  right  ballpark.  Wlicn  youVe  there,  you 
can  set  the  lines  aside,  make  up  another  three- 
quarter  wave  resonator  cut  for  tlie  lowest 
frequency,  and  after  marking  that  point  on 
the  scale,  trim  the  stub  up  to  the  next  cali- 
bration frequency.  Thro\\'  tlie  remainder  away 
when  done  caUbrating, 

The  half-wave  stub  is  also  useful  as  a  tuned 
coupler*  Suppose  you  want  to  time  an  oscilla- 
tor to  a  particular  frequency  but  have  nothing 
to  indicate  at  that  frequency.  Loosely  couple 
the  RF  into  one  end  of  the  half-wave  stub, 
and  take  it  out  the  other  end  with  a  hairpin 
loop,  through  a  diode  to  a  50  iiA  meter.  You 
will  only  get  a  reading  at  the  resonant  fre- 
quency of  the  half -wave  stub.  Simple! 

.  .  .  W2DXIT 
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Dor  re  1 1  Thorpe 
3110  N.  83rd  St. 
Scottsdale,   Ariz- 


Designing  Transistor 
RF  Power  Amplifiers 

This  article  contains  information  for  designing 
transistor  power  amplifiers^  including  a  50  MHx  finah 


Transistors  capable  of  delivering  several 
watts  at  frequencies  up  to  several  Imiidied 
megahertz  are  readfly  available  at  nominal 
cost,  and  development  ul  improved  devices, 
in  regard  to  power  output  and  operating  fre- 
quency, is  advancing  rapidly.  Because  of  trans- 
sistor  voltage  and  current  limits,  and  the  need 
for  proper  matching,  the  tube  oriented  de- 
signer must  slightly  revise  his  design  proce- 
dures and  take  certain  cautions  Ik;  wt)uld  not 
ordinarily  cojisider  if  he  wiis  designing  with 
tubes. 

These  new  design  procediues,  together  with 
some  of  the  precautions  and  other  design  dis- 
similarities are  disciissed  here  in  suflBeient  de- 
tail to  permit  most  readers  of  73  to  reap  the 
benefits  of  technological  advances  being  made 
by  the  semiconductor  industry  in  RF  power 
de\ices. 

Voltage-current  relationships 

The  majority  of  transistor  RF  power  ampli- 
fiers fall  into  the  Class  B  (zero  base  bias) 
categoiy  because  this  class  of  operation  pro- 
vides a  greater  power  gain.  (Some  may  want 
to  call  zero  base  bias  Class  C  because  it  does 
take  a  few  tenths  of  a  volt  to  start  the  tran- 
sistor conducting,)  However,  Class  C  opera- 
tion (reverse  base  bias)  with  its  higher  collec- 
tor efficiency  is  also  suitable  especially  when 
efficiency  is  of  greater  importance  than  power 
gain.   Moreover,  it  is  practical,  under  certain 

Darrell  Thorpe,  former  W0PKB,  and  W9NYI, 
is  the  editor  of  tlie  Motorola  Military  Elec- 
tronics Dwlsion  Engineering  BuUciin. 
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conditions,  for  example,  where  a  greater  power 
gain  than  Class  B  provides  is  needed  to  oper- 
ate a  transistor  RF  power  amplifier  with  a 
slight  forward  bias. 

However,  yon  miisl  use  caution  when  bias- 
ing RF  power  transistors  for  Class  A  opera- 
tion. Transistors  designed  for  Rf*"  power  am- 
plifier service,  at  high  frefiueneies,  have  a  very 
small  hase  widdi.  Without  going  into  the  de- 
tails of  safe  operating  area,  it  is  sufficient  to 
establish  tliat,  this  nairow  base  width  pre- 
cludes operating  these  de\ices  in  a  dc  biased 
Class  A  circuit  at  even  a  fraction  of  tlieir 
power  rating.  In  fact,  if  you  try,  the  device 
will  be  instantly  destroyed.  Therefore,  if  you 
are  planning  on  building  a  transistorized  SSB 
rig,  where  some  forward  bias  is  needed  for 
linearity^  or  if  the  greater  power  gain  of  Class 
A  operation  is  needed,  limit  the  bias  current 
to  the  low  millampere  region. 

A  basic  transistor  RF  power  amplifier  cir- 
cuit is  shown  in  Fig,  1,  The  base  has  no  bias 
applied  to  it,  therefore,  the  circuit  is  operating 
Class  B.  With  no  signal  and  no  bias  applied 
to  the  base,  the  circuit  is  setting  at  the  static 
operating  point.  That  is,  the  voltage  bet%veen 
the  collector  and  emitter  is  equal  to  the  sup- 
ply voltage   (Vcc)   ^^  shown  in  Fig.  2.  Since 
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Fig.   K  Basic  transistor  RF  power  omplifier. 
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Fig,  2.  Static  operating  point  and  load  resistance 
curve. 
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Fig.  3.  Affect  of  base  volfage  on  collector  current 
and  voltoge. 

the  circuit  illustrated  employs  a  PNP  transis- 
tor, the  transistor  conducts  only  \^'hen  the 
voltage  (applied  drive  signal)  goes  negative. 
Referring  to  Fig,  3^  as  the  base  voltage  goes 
negative,  there  is  a  corresponding  rise  in  col- 
lector current.  Also,  notice,  from  Figs.  2  and  3, 
tlxat  as  collector  current  increases,  the  collec- 
tor-emitter voltage  drops  to  Vn,iir 

Then>  as  the  base  voltage  returns  to  zero. 
Collector  current  goes  to  zero  and  collector 
voltage  returns  to  Vcc  However,  due  to  fly- 
wheel ellect  of  tlie  tank  circuit,  the  collector 
voltage  returns  to  V^c^  Howe\^er,  due  to  fly- 
wheel effect  of  die  tank  circuit,  the  collector 
voltage  continues  to  increase  until  it  reaches 
approximately  2V^.  The  cycle  dien  repeats. 

Breakdown  voltage  and  supply  voltages 

In  vacuum  tube  circuits,  breakdown  voltage 
between  the  plate  and  other  elements  is  sel- 
dom a  consideration  since  it  usually  is  much 
greater  than  the  usual  supply  voltage.  How- 
ever, present  day  transistors  are  not  so  for- 
tunate. Therefore,  the  breakdown  voltage  of 
the  transistor  must  be  considered  when  select- 
ing devices  and  supply  voltages. 

As  previously  discussed,  for  an  unmodulated 
transistor  RF  power  amplifier,  the  collector 
voltage  swings  from  Y^i^  to  approximately 
twice  tlie  source  voltage.  Therefore,  the  tran- 
sistor must  be  able  to  witlistand  the  peak-to- 
peak  voltage  which  is  2Vpc— V^^^.  Since  V,j,ijj 
is  usually  only  a  few  tenths  of  a  volt,  it  can 
be  neglected  and  tlie  peak  voltage  can  be 
considered  as  2Vcc- 

Since     the     common-emitter     configuration 


produces  higher  gain  than  a  common-base 
configuration,  the  breakdown  voltage  of  the 
transistor  being  considered  will  usually  be 
B^'cEs*  Quite  often  BVces  ^i^d  BVcbo  are  the 
same  value.  If  the  peak  voltage  happens  to 
slightly  exceed  the  breakdown  voltage,  tlie 
transistor  will  not  be  damaged  provided  tlie 
current  and  time  dmation  are  limited,  but 
efficiency  and  gain  wiU  drop. 

Thus,  from  the  preceding  discussion,  it 
shouki  be  clear  that  a  transistor  should  be 
selected  with  a  BVces  equal  to  or  greater  than 
2Vcc  or  if  tliis  is  not  practical,  V^^^.  should  be 
set  equal  to  or  l^s  than  BV^,;.g/2. 

For  an  AM  power  amplifier,  these  condi 
tions  must  be  modified  to  account  for  tlie  in- 
creased peak-to-peak  voltages  which  result 
from  the  modulating  voltages.  Fig.  4  ilUist rates 
unmodulated  and  modulated  carriers.  The  m 
on  the  modulated  cui  rier  represents  the  modu- 
lation index  (m  =  1  for  100%  modulation). 
From  Fig.  4Bj  for  a  modulated  transmitter, 
the  transistor  must  have  a  voltage  rating  of 


BVcEs  >_  2Vcc  { I  +  m) 


(11 


or 


UV 


cc 


cr^s 


2(1  +  m) 


Since  m  =  1  for  100%  modulation. 


Vcc  <- 


BVcE 


ES 


=      4 


(2) 


Therefore,  for  CW  or  FM  operation,  where 
m  =  0,  the  maKiraura  collector  voltage  is  ap- 
proximately one-half  the  breakdown  voltage, 
and  for  the  final  stage  in  an  AM  transmitter 
(m  =:  1)  the  maximum  collector  voltage  must 
not  exceed  one-quarter  of  the  breakdown  volt- 
age. Effects  of  slight  clipping  caused  by 
breakdown  on  the  tip  ward  modulation  and 
saturation  voltage  on  the  downward  modula- 
tion may  generally  be  neglected. 

Determining  the  oj)timiim 
load  resistance 

In  a  transmitter,  it  is  generally  desirable  to 
obtain  a  certain  power  output  or  the  maximum 
power  that  a  transistor  is  capable  of  deliver- 
ing. Since  the  collector  supply  voltage  is  often 
limited  either  b\  breakdown  voltage  or  the 
source  i*e.;  6  or  12  volts  in  the  case  of  mobile 
transmitters,  the  only  variable  is  the  effective 
If  Kid  resistance  at  the  collector. 

To  get  a  better  understanding  of  how  the 
load  resistance  (Re)  influences  the  maximum 
power  output,  it  is  necessary  to  examine  the 
l^ropcrties   of  an   amplitude  modulated  signal 
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^"kc-^OM 


2i\*m)Vfi^ 


Fig.  4A,  Unmodulated  carrier. 


more  closely.  The  equations  developed  will 
easily  reduce  to  the  CW  or  FM  case.  Fig,  5 
illustrates  the  output  at  the  collector  of  an 
AM  final  stage.  The  voltage  is  given  by  the 
expression 

ec  -  E,,  ( I  +  m  rfn  Ciin,t)  (i^iu  w^  t),  (3) 

where 

e^  =  instantaneous  cairier  voltage 
Ee  =  unmodulated  carrfer  amplitude 
^m  —  2:t   (frequency  of  modulating  signal) 
(jjg  =  2k  (frequency  of  carrier  signal) 

t  =  time,  and 
m  =  modulation    index    =    E^j/E^.,    where 
Em   =   peak  modulation  voltage  and 
E^  =  peak  unmodulated  carrier  volt- 
age. 

The  peak  voltage,  Ep,  occurs  at  the  crest  of 
the  sine  w^ves  and  is  easilv  detemiined  to  be 


Ey  —  Eo  (1  4-  m) 


(4) 


Using  the  standard  ohms  law  equations,  the 
peak  power  (Pp)  is  given  by 


E  ^ 


(5) 


Substituting  Equation  4  into  Equation  5  we 
have 


J,  n    ^* 


E,^  (1  +  in)- 
Rn 


(6) 


By  hispection  of  Equation  6  it  is  se^n  tliat 
the  peak  immodulated  (P^)  power  (m  =  0)  is 


E2 

^  "^  ^  Rc 


(7) 


Fig.  5. 
tion. 


Carrier  with  sine  wave  amplitude  modula- 


Fig,  4B.  Modulated  carrier. 


and    with    modulationj    the    peak    modulated 
power  (P^J   is 


Pm  =  P«(l  +m)K 


(8) 


Note,  from  Efiuatlon  8,  that  for  a  1001S  modu- 
lated carrier  (m  =  1)  that  the  peak  modu- 
lated power  is  four  times  the  unmodulated 
power.  Thus,  most  of  the  power  of  an  AM 
transmitter  is  contaijied  witliiu  audio  side- 
bands instead  of  the  carrier.  For  this  reason, 
when  maximum  talk  range  is  desired  from  an 
AM  transmitter,  it  should  be  designed  and 
tuned  so  as  to  produce  maximum  demodu- 
lated audio  signal  %vith  minimum  distortion. 

Getting  back  to  determining  the  optimum 
load  resistance  for  a  desired  power  output. 
Equation  7  can  be  written 


Rc  = 


2P« 


(9) 


Where  R^  ^^  collector  load  resistance 
Vee  is  substituted  for  E^ 
Pij  is  miniodulated  power  output 
the  factor  2  in  Equation  9  comes  from 
eoinersion  of  peak  power  to  rms  power, 
for   a   modulated    tiansmitter   is    obtained 


the 
by 


substituting  Equation  8  into  9  which  becomes 


Vcc^ 


Rc  = 


(ill) 


2P„ 


(10) 


Tobia  1 


Max    DC         1 
Supply  Voltoge 

tVcc) 

Max  Load 
Resistance 

Peeik  Power 

AM                  j 
(100%  mod} 

BVcEs 
4 

3Vcc^ 
4Pu 

8Pu 

FM/CW 

BVcm 
2 

Vccs* 
2Pu 

ZPu 

Note:  The  simplification  of  the  equations  for 
the  modulated  transmitter  is  arrived  at 
by  letting  m  =  1  which  is  the  case  for 
100%  modulation. 
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The  New  Amateur  Word  Game . . . 


^^||0  MANUFACTURES   AND    SELLS    MORE   AMATEUR   SSB   TRANS- 
CEIVERS THAN  ANYBODY  ELSE?        SWAN  AND  HENRY  RADIO. 


\^f%fiii  IS  THE  FASTEST  SELLING  TRANSCEIVER  IN  THE  WORLD?  THE 
SWAN  350,  ALWAYS  IN  STOCK  AT  HENRY  RADIO  AND  READY  FOR  SHIP- 
MENT ANYPLACE  IN  THE  WORLD. 


iMrtV 


DO  SWAN  AND   HENRY  RADIO   DOMINATE  THE  TRANSCEIVER 
BECAUSE  SWAN  MANUFACTURES  A  FINE  RELIABLE  TRANSCEIVER 
THAT  GIVES  YOU  THE  MOST  FOR  YOUR  MONEY.  BECAUSE  HENRY  RADIO 


GIVES  YOU  THE  BEST   DEAL  .   ,   .  GENEROUS  TRADES.    EASY 

THE  KIND  OF  RESPONSIBLE  MERCHANDISING  THAT  AMATEURS  ALL  OVER 

THE  WORLD  HAVE  LEARNED  TO  DEPEND  ON. 


the 


Swan  350 


TRANSCEIVER    $395.00 

117-XC  AC  SUPPLY  $85.00 
114-117  12  VDC  SUPPLY  $120.00 


6%  FINANCE  CHARGE  •  10%  DOWN  OR  TRADE-IN  DOWN  •  NO  FINANCE  CHARGE  IF 
PAID  IN  90  DAYS  •  GOOD  RECONDITIONED  APPARATUS  •  Nearly  all  makes  &  models. 
T5  day  trial.  90  day  Warranty,  90  day  trade  back  on  NEW  apparatus.  Write  for  bulletin. 


TED  HENRY  (W6UOU) 


BOB  HENRY  fWOARAl 


WALT  HENRY  (W6NRV) 


CAll   DIRECT  .  .   .   USE  AREA  CODE 

Butler  1.  Missouri  816  679-3127 

11240  W.  Olympic.  Los  Angeles, Calif.  213  477-6701 
931  N.  Euclid,  Anaheim,  Calif.  714  772-9200 

61 16  N.  27th  Ave.,  Phoenix,  Ariz.       602  AM  4-3895 


^^Wor/ds  Largest  Distributors  of  Short  Wove  Receivers" 
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Fig.    6.  One   method  of  matching   the    load  to  tha 
collector  circuit. 


From  E([iiati(>n  9  or  10,  tfu^  maximum  collec- 
tor load  resistance  that  can  be  used  for  a 
given  output  can  he  calculated, 

A  summary  of  voltage  and  load  resistance 
relations  is  given  in  Table  I- 

CW  and  modulated  power 
output  capabilities 

At  VHF,  die  factors  which  limit  power  out- 
put, in  most  cases,  are  other  tlian  device 
pov^er  dissipation,  Usually^  high  frequency 
transistors  are  peak  voltage  or  peak  current 
limited- 

The  voltage  limits  have  aheady  been  dis* 
cussed  J  however,  a  few  words  about  current 
limits  are  needed  to  aid  in  understanding  wliy 
transistor  circuits  behave  as  thev  do. 

A  transistor  can  be  compared  to  an  emis- 
sion limited  tube.  That  is,  the  amount  of  peak 
instantaneous  current  available  is  determined 
by  the  transistor  structure,  and  no  reserve  or 
space  charge  eflFect  exists,  If  a  transistor  is 
operated  witli  maximum  allowable  collector 
supply  voltage  and  the  drive  is  increased  until 
tliere  is  no  fmther  increase  in  output  the  max- 
imum peak  cunent  has  been  reached.  This 
condition  is  very  seldom  encountered  in  a 
tube,  because  the  power  dissipation  limit  of 
the  tube  is  usually  reached  first. 

The  peak  voltage  and  current  limits  are  im- 
portant factors  for  amplitude  modulated  trans- 
mitters because  a  device  which  is  already  op- 
erating at  its  collector  supply  voltage  and  cur- 


COLLECTQR-TO-EMlTTEft   VOLTStVcei "  "3  5 
CASE   tEMPEHATUHElV-ZS" 


70        to       90      DO 


120         *40       CO     l#0  200 


FREOUENCY  (MHz) 


Fig.  7,  Characteristic  curves  for  the  2N3553  at  28 
volt  emitter  to  collector  voltage. 


rent  limits  can  not  be  upmodulated  from  that 
power  level  As  discussed  earlier,  for  collector 
modulation,  the  *supi)ly  voltage  must  be  lim- 
ited to  one»fomth  of  the  maximum  transistor 
voltage  rating  to  prevent  breakdown,  and 
since  tlie  peak  current  must  double  in  addi- 
tion to  the  voltage,  a  carrier  level  of  one- 
fourth  maximum  powder  outpiit  must  be  main- 
tained if  100  percent  up-modulation  is  de- 
sired- 

And,  while  we  are  on  the  subject  of  modu- 
lation, it  is  worthwhile  to  mention  that  feed- 
through  capacitance  in  transistors  will  allow  a 
residual  carrier  to  be  passed  from  the  driver 
tlirough  the  final  even  if  tlie  down-modulating 
audio  has  reduced  the  collector-to-emitter 
voltage  to  zero.  Hencej  some  modulation  of 
the  driver  is  needed  to  achieve  good  down- 
modulation  of  the  finaL  Also,  modulation  of 
the  driver  will  aid  in  achieving  the  higlier 
peak  current  required  by  tlie  final  on  np-mod- 
ulation. 

Design  example 

l^p  to  tliis  point,  we  have  not  considered 
matching  networks  to  transform  the  actual 
lead  impedance,  usually  a  50*ohm  or  300- 
ohm  antenna^  to  the  load  the  transistor  needs  to 
see  so  that  the  specified  power  output  can  be 
achieved.  Fig.  6  shows  one  method  of  cou- 
pling the  collector  circuit  to  the  load.  There 
are  many  otlier  types  of  matching  networks 
that  can  be  used  including  tlie  pi  and  L  net- 
works* If  you  desiie  to  use  one  of  these  net- 
works refer  to  one  of  the  radio  handbooks  for 
equations  to  calculate  component  values.  The 
matching  circuit  showm  uses  a  parallel  tuned 
circuit  to  couple  the  load  to  the  collector  cir- 
cuit. The  collector  of  the  ti^ansistor  is  tapped 
down  on  the  tank  coiL  Capacitor  Cx  provides 
tuning  for  the  fundamental  frequency  and  C2 
matches  Rq  to  the  tank  circuit. 


CCLLEC:^^^    .O-ewTTER  VOLTS fVce*  "*8 
CASE   TlMPgRflTURE  iTcl  ■  £5*^ 


"t 


200       250    K30  330  4Q0 


FREQLfEMCt   ifAHt) 


Fig.    8.   Characteristic  curves  for   the  2N3553   for 
15  volt  emitter  to  collector  voltage. 
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et's  assume  we  are  designing  a  50  MHz 
final  using  the  RCA,  2N3553  transistor.  Char- 
acteristic curves  on  the  data  sheet  (see  Figs. 
7  and  8)  show  tJiat  tliis  device  can  typical iy 
provide  5  watts  ( CW)  from  a  13.5-volt  souj ce 
at  50  MHz  and  10  watts  with  a  28-voIt  source. 
Specified  B\Vbs  i^  65  volts  which  is  sufficient 
for  either  C\\  or  AM  from  a  13.5-volt  source 
(use  the  equations  and  check  for  yt)urself). 
Tliereiore,  let's  design  for  a  peak  modulated 
power  output  of  10  watts  wliich  corresponds 
to  a  2.5-watt  unmodulated  caixier. 

The  maximum  load  resistance  is  (see  Table 
I) 

Tj         3Vcc''      3(18.2)       __„ 
^^  =  ~1K'  =  M2l)   =  ^^" 

Since  at  50  MHi!,  the  nuniber  of  tiuns 
needed  for  h^  will  1)e  rather  small,  and  also, 
since  the  collector  load  impedance  is  very 
close  to  tfie  50D  antenna  impedance,  we  will 
assiune  a  4:1  turns  ratio. 

As  shown  in  Fig.  6,  coil  L,  transfonns  Rj^ 
to  another  resistance  Rl",  This  is  given  by  tlie 
standard  transformer  impedance  equation 


\nJ         Ri. 


(U) 


Since  turns  ratio  is  4:1  and  R^  =  ' 

(f ')'  =  ¥  =  '»(•'">  = 

Rl''  =  800 


80(1 


Let*s  assume  that  a  loaded  Q  (QrJ  of  ap- 
proximate 8  or  better  is  desired*  Values  of 
loaded  Q  in  the  range  of  5  to  10  are  practical 
to  acliieve. 

Now,  we  can  calculate  C^ 


OUTPUT 


rhf     rT7 


TO 

MOOUU^TOR 


+  i3.*V 


Fig,  9,  Complete  50  MHz  power  amplifier  stage 
and  part  of  its  driver.  The  driver  must  supply  75 
,mW  for  2.5  W  output. 


-^        27rFR|/' 


0.28  XoU  X  10'*  XSOO 


—  3L4  \iV 


in) 


a  I 


id 


Li  = 


1 


(27rr  )*^  U'i 


I 


((i.2S  X  5(1  J-  X  li)'-'  X  ;ti  X  ur«      "••^■>m'» 

(13) 

Using  a  coil  nomograph,  this  turns  out  to  be 
a  7-turn,  one-half-inch  diameter  bv  one-inch 
long  coil.  Tap  li^  turns  from  cold  end. 

Next,  the  value  of  coupling  capacitor  C2  is 
calculated. 

-  1  =  55(13.8)  =  21{}1>  (14) 


O2    ^ 


1 


I 


27r  FXc2       6,28  X  50  X  I0«  X  210 


1 


60  X  10^ 


-  15  pF 


(15) 


The  complete  50  MHz  RF  power  ampHfier 
and  part  of  a  driver  stage  is  shown  in  Fig,  9, 
As  shown,  the  driver  stage  can  be  designed 
tisiiig  a  similar  matching  network.  The  Itiad 
for  the  driver  wiU  be  the  input  impedance  of 
the  2N3553  final  transistor  which,  for  aU  prac- 
tical  purposes,  can  be  considered  as  the  base 
spreading  resistance  (r|,|j')  of  the  transistor. 
For  the  2N3553,  r^^j'  is  typically  12  ohms, 
Thereiore,  the  network  must  transfomi  12 
ohms  to  the  impedance  the  driver  needs  to 
see  to  develop  the  required  drive  power.  The 
diiver  can  be  designed  using  the  same  pro- 
cedure as  given  for  the  final  From  Fig,  7^  the 
driver  must  supply  about  75  mW  of  power  to 
the  base  of  the  2N3553  to  drive  it  to  a  2.5 
watts  CW  output.  Since  the  driver  should  be 
modulated  to  improve  down-modulation^  the 
^  needed  drive  for  peak  power  output  of  the 
final  is  provided  by  peak  modulated  power 
from  the  diiven  Usually,  modulating  the 
driver  between  25  and  35%  is  sufficient. 

Potentiometers  are  shown  in  the  modula- 
tion circuit  to  permit  adjusting  modulation  for 
optimum  perfonnance.  The  pots  can  then  be 
removed  and  replaced  with  fixed  resistors 
after  adjustment.  Since  the  driver  is  being 
modulated  the  modulation  to  the  final  must 
be  reduced,  (i.e.,  driver  modulation  plus  final 
modulation  must  not  exceed  100%). 

.  »  ,  Thorpe 
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FROM  "The  home  of  the  originals" 


NEWS 


Number  3  in  a  series 


i^ta 


Springtime  is  mobile  "check-up"  time  • .  • 

Below  is  a  check  list  to  evoluate  your  Amateur  mobHe  antenna  installation.  Circle 
number  under  each  of  the  5  categories  which  best  describes  your  installation* 
Total  these  numbers  and  subtract  the  sum  from  100.  The  balance  remaining  is 
your  rating.  Scores  are  listed  below. 

This  check  list  may  also  be  used  for  new  installations,  install  your  mobile  an- 
tenna according  to  the  lowest  numbers  and  youMI  get  the  best  performance  from 
your  equipment. 


1.  ANTENNA  LOCATION 

Center    of   roof    .___^ 0 

Center  of  rear  deck .^ --  I 

Left  rear  top  of  fender 2 

Right  rear   top  of  fender    ^^ 3 

left  reor  side  of  fender 4 

Right  rear  side  of  fender    ^. * ,-»,- 5 

left  front  cowl  or  fender ^---^ ^---^ 6 

Right  front  cowl  or  fender ^^_ 7 

Bumper    mount— [eft    re<ir    -__, .,  8 

Bumper    mount-right    rear    9 

Bumper  mount— left  front  ........ ^.-.,  10 

Bumper   mount — right  front ^, 11 

2.  FEEDLINE  BASE  TERMINATION 

Split   lead    waterproofed _^_^* «^^  0 

Split  leod  not  waterproofed ,, ^__.^._-  2 

Cooxial   Connector    ,,»-..,^*^..-^ ^^-  4 


3.  S.W.R.  BRIDGE 

S*W,R.   Bridge   permanently  installed 

S.W.R.   Bridge  available   .^ 

S^W^R.    Bfidge^none    _. 


0 
2 
8 


4.  S.W.R.  MEASUREMENTS 

S.W.R.    Center    Frequency 

1.2:1 

or  less 

0 

of  antenna   as    measured 

1.6:1 

or  less 

1 

with  a  Cesco  CM-52 

2.0:1 

or  less 

2 

or  CM-52-2  Bridge. 

Over 

2:1    

5 

Over 

3:1 

10 

5,   GROUNDS 

Toil   pipe  ground  at  two   points  or  more — 

heavy    broid    ,»^ ^.^-_^-. ---.---.•      0 

Tail  pipe  ground  of  two  points  or  more — 

light    braid     ,, ^--. ^-^^m      1 

Tail  pipe  ground  ot  one  point  only — 

heavy    braid    ^*^ .^ ^,,,,^ 2 

Tall  pipe  ground  ot  one  point  only^ — 

light    braid     --- ^-*--      3 

Tail   pipe— no  ground    ... — 5 

Motor  block  ground  two  point  or  more- 
heavy    braid    ..^-^ ^,. --  0 

Motor  block  ground  two  point  or  more — 

light    braid    -*•--.*•. 1 

Motor    block    ground   one    point — ^heavy    braid  2 

Motor    block    ground    one    point— light    braid  3 

Motor   block-— no  ground    ^^^--^ ---  5 


Reor  deck  hinges— ground  braid  heavy  , 
Rear  deck  hinges— ground  braid  light  .- 
Rear   deck    hinges— ground    braid— none    - 


0 
1 
5 


Hood-ground    braid   heavy -. 0 

Hood-ground    braid    light ..^-..  1 

Hood.ground  braid-none -.  5 

All  ground  braids  brazed  or  soldered 0 

All  ground  braids  bolted  only 5 


Subtract  total  of  5  categories 
THIS  IS  YOUR  RATING 


100 


HUSTLER  MOBILE  RATING 


Excellent 

96-100 

Good 

86-    95 

Fair 

76-    85 

Poor 

Below        -   75 

NEW-TRONiCS  CORP.  13455  Vega  Ave,,  Cieveiaad,  Ohio  44113 
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ALL  NEW  from  NEW-TRONICS 


SUPER 


unbelievable  mobile  performance 

The  Super  Hustfer  has... 

High  Povwer  Capability— Capable  of  maximum  legal  limit  on  SSB. 

Widest  Bandwidth  —  Better  than  ever . .  .  maintains  minimum 
SWR  over  phone  portion  of  40,  20,  15,  and  10,  —  60  KG  wide 
at  2  to  1  SWR  on  75  meters. 

Low  SWR  —  1 .1  to  1  or  better  at  resonance ...  no  special  match- 
ing required. 

Proper  Base  Impedance  — Nominal  52  ohms  at  resonance  — no 
magic  lengths  of  feed  line  or  matching  devices  required. 

Low  Frequency  Drift—  Frequency  drift  from  heat  held  to  abso- 
lute minimum. 


Here 's  413  reasons  for  exceptional  performance. 

Coil  wire  contains  413  individual  conductors  insu- 
lated from  each  other  for  top  performance  value. 


SWR  chart  and  com- 
parative information 
supplied  on  request. 


See  the  new  Super  Hustler  at  your 
distributor  NOW . . .  get  the  facts. 


"Another 
NEW-TRONICS 
Original" 


NEW-TRONICS  CORP 

3455  Vega  Avenue  •  Cleveland,  Ohio  44113 
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Bill    Hoisington   KICLL 
Far  Over  Farm 
Peterborough,  N.H. 


A  75  Watt  Compactron 

Twoer  Linear 

Build  this  simple^  inexpensive  linear  to 
mid ti ply  the  output  from  your  Twoer  25  to  SO  times. 


In  response  to  many  inquiries  about  the 
Twoer  lioears  described  in  previous  73'st^  I 
designed  anotlier  one  using  a  modem,  readily 
available,  low  cost  tube  that  I've  used  before 
on  six  and  two.  I  have  had  this  linear  on  the 
air  for  some  time  now,  and  find  that  the 
change  from  the  one  watt  Twoer  output  to  a 
wcll^inudn luted  25  to  40  watt  carrier  is  cer- 
tainly a  worthwhile  project  for  the  average 
Twoer  owner. 


1,  KlCLL's  Cither  Twoer  linears  were  in  the  September 
1964  73  (used  8025  and  815)  and  January  1905  73 
(2C39). 
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GRD  IMCTCR 


PLATE  J*CK 


12  V         +300 
TO 


Fig.  1 .  Schematic  of  the  Compactron  Twoer  lineor, 
Coil  data  is  given  in  Fig.  2, 


Some  notes  on  AM  Iinears 

InformatioD  is  available  on  good  AM  Iin- 
ears, but  you  have  to  dig  for  it.  I  have  been 
told  that  many  large  AM  broadcast  stations 
use  AM  Iinears  and  1  do  not  cloiibt  it.  Any 
type  of  power  linear  amplifier  requires  a  few 
simple  adjustments,  but  theyVe  worth  it  to 
get  an  exact,  well-modulated  reprnduction  of 
the  input-but  30  to  40  times  stronger.  As 
far  as  perfonvmnce  goes,  l}pical  reports  have 
been;  "excellent  modulation,*'  "modulation 
clean,  clear  and  crisp/'  "recognized  the  Twoer 
modulation  right  away/'  I  have  checked  the 
RF  output  with  hght  bulbs  and  find  that  50 
watts  input  gives  about  25  watts  out*  75  w^atts 
in  gives  about  40  out  with  85  to  100%  modu- 
lation.- And  no  modification  of  the  Twoer, 
Just  plug  it  in  and  talk. 

Getting  good  results  from  an  AM  linear  is 
easy  if  you  adjust  the  following  controls: 

1-  RF  tuning  in  die  driven  The  Twoer  must 
be  adjusted  for  best  modulation.  This  is  espe- 
cially true  of  the  final  grid  and  plate  tuning. 


2*  Some  comment  about  that  "85  to  100%  modtilatiDn  : 
many  Twoets  modulate  downward  instead  of  upward. 
That  is,  mod  u  la  I  ion  reduces  the  power  output  instead 
of  lacFeasing  it.  This  is  the  *'typieal  Twoer  souad"  re- 
ferred to.  Thus  this  linear  mijpht  well  handle  100% 
downward  modulation,  but  1  doubt  that  reiiults  would 
he  eompletel^  satisfactory  with  100%  apward  modula- 
tion and  50%  efficiency*  However,  it's  very  easy  to 
check  with  a  scope.  See  the  article  in  the  December 
UU  73,  p.  28  by  WSHHS  (WICEE)  for  information  on 
improving    the    motlulation    of    your    Twoer.      WAICCH 
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On  the  Twoer,  these  are  intemally  adjusted 
controls,  but  once  set,  they  can  be  left  alone. 
2.  Variable  drive  to  the  linear^  Cl*  You 
might  think  this  is  unnecessary  with  the 
Twoer  as  a  driver,  but  it  can  easily  overdrive 
the  linear.  Note  that  Cl  is  insulated  from 
giound.  The  length  of  the  drive  cable  isn't 
critical  if  you  have  a  good  match,  but  I  used 
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3.  Grid  bias.  The  most  common  type  of 
grid  bias  for  a  linear  is  fixed  bias.  You  could 
use  that  in  this  linear  with  a  simple  voltage 
doTibler  from  the  12  volt  filament  line.  How*- 
ever,  here  I've  used  a  rather  rare  t\  pe  of  bias 
supply  that  is  only  suitable  for  AM  h'near 
service,  not  SSB  linear.  The  amplifier  is  in 
AB2  drawing  slight  grid  current.  This  recti- 
fied, furnished  bias.  The  bias  is  kept  stiff  by 
the  long  time  constant  of  the  100  k  resistor 
and  250  pF  capacitor  in  the  grid  circuit.  Un- 
fortunately, this  arrangement  furnishes  no  pro- 
tection against  loss  of  drive  for  the  amplifier 
tube  since  loss  of  drive  means  no  bias  and 
results  in  very  high  plate  cxirrent  and  exces- 
sive dissipation  in  the  tube-  So  make  sure  that 
the  Twoer  is  always  on  when  you  turn  on  the 
B+  for  the  finear.  This  type  of  amplifier  often 
uses  a  clamp  tube  for  protection. 

4-  Screen  voltage.  This  is  important.  Chang- 
ing the  screen  voltage  results  in  changes  in 
the  modulation.  The  effect  is  quite  noticeable 
with  a  variable  resistor  between  B+  and  the 
screen  of  the  linear.  Turning  down  the  screen 
voltage  increases  the  upward  modulation  per- 

cent- 
s' Output  loading.  You  can  just  vary  the 
coupling  of  the  link  between  the  linear  plate 
tank  and  the  antenna,  but  it  is  much  easier 
if  C3  is  used,  as  you  can  then  adjust  the  load 
while  operating  and  listening.  The  combina- 
tion of  a  semi' adjustable  link  and  C3  makes 
it  easy  to  work  with.  Note  that  linears  like 
heavy  output  loading. 

You  must  listen  to  the  modulation  when  ad- 
justing the  above  controls:  See  the  June  issue 
of  73,  page  20,  for  how  to  do  this.  It's  easy 
to  do  the  job  with  a  sine  wave  AF  generator 
and  an  oscilloscope  but  lads  with  those  items 
are  generally  not  Twoer  operators. 

Exact  construction  details 

I  will  guarantee  that  if  you  build  the  linear 
as  shown  in  Figs,  1  and  2  it  will  work.  The 
easiest  way  is  to  start  %vith  a  copper-clad 
baseboard  and  build  up  from  tliere.  Mount 
the  vertical  brass  walls  and  the  12  pin  socket 
(use  a  tan  bakeKte  socket,  not  a  horrible  black 
one).  Tlien  solder  the  four  cathode  leads  and 
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Fig.    2,    Layout   of   the    7984    Compactron   Twoer 
linear. 


one  heater  lead  to  ground,  and  also  the  three 
bypass  capacitors,  two  on  the  screen  leads 
and  one  on  the  12  volt  heater  pin. 

The  input  circuit  of  the  7984  is  a  little 
tough,  but  I  got  the  best  results  on  144  MHz 
with  a  short  heavy  loop  fixed- tuned  to  a  quar- 
ter wave-  This  is  LI  in  Fig.  1.  It  really  does 
the  job,  with  most  of  the  quarter  wave  inside 
the  glass  bottle.  Either  loop  of  capacitance 
coupling  may  be  used  with  it  but  I  find  the 
Cl  variable  as  coupling  and  drive  control  to 
be  best, 

I  paid  great  attention  this  Hme  to  get  tlie 
proper  automatic  bias  for  AM  linear  opera- 
tion. The  use  of  a  250  |iiF  capacitor  across  the 
100  k  resistor  really  holds  the  bias  in  place. 
There  Is  no  difference  in  the  modulation 
quality  between  this  type  of  bias  and  fixed 
bias  in  AM  linear  service.  I  tried  it  several 
times. 

I  put  a  small  brass  shield  across  the  socket 
between  the  input  (grid)  and  output  (plate) 
side  because  Cl  looked  a  little  near  the  plate 
leads,  but  you  can  leave  It  out  as  no  self- 
oscillation  was  found. 

The  plate  tank  is  siniilar  to  one  already  de- 
scribed with  the  addition  of  a  larger  antenna 
output  link  and  C3,  This  greater  amount  of 
coupling  allows  C3  to  be  used  as  a  variable 
loading  capacitor,  which  makes  it  easier  to 
adjust  ihe  plate  circuit  for  h<  jvy  loading,  one 
of  the  requirements  for  low  distortion  with  a 
linear.   Use   a  bakclite  shaft  extender  on   C2 
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and  C3  to  keep  fingers  off  that  500  voltsf  The 
rear  panel  has  the  grid  and  plate  meter  jacks. 
Use  shorted  phono  plugs  in  these  after  tune- 
up  to  free  your  meters  for  other  service. 


Tune -up 

Check  tire  Twoer  for  RF  output  as  indi- 
cated in  its  instnictioii  manual  Connect  an 
RC^58-U  cable  from  the  Twoer  antenna  jack 
to  the  linear  input  Jl,  and  check  for  grid 
voltage  on  the  7984  with  heater  on  but  no 
plate  voltage.  The  point  between  LI  and  the 
100  k  resist f)r  in  Fig.  1  should  be  28  volts,  or 
near  it.  This  \^oltape  wll  rise  slowly,  while 
charging  the  250  nF  capacitor.  This  is  a  nice 
feature  as  it  leaves  plenty  of  bias  on  the  tube, 
just  like  a  battery! 

Current  through  the  grid  meter  jack  and 
the  100  k  resistor  should  be  about  %  mA- 

It  is  best  to  apply  plate  voltage  in  steps. 
If  you  don't  have  a  Variac  put  some  resistance 
in  series  with  the  HV  lead*  Some  115  volt 
lamps  in  series  are  good  for  this.  Just  watch 
those  fingers  thought 

A  good  i^Iate  dip  should  result  on  rotating 
C2,  with  no  load  on  J2,  Plugging  a  25  watt 
bulb  into  J2  should  produce  Hght  immediately 
on  turning  on  the  IW,  I  generally  '*sneak  up" 
on  tlie  75  watt  operation  during  tune-up.  This 
latter  power  calls  for  500  volts  and  150  niA. 

Screen  voltage  is  140  and  screen  current  is 
5  niA.  Due  to  the  linear's  preference  for  heavy 
loading  very  little  plate  dip  will  be  found  at 
the  proper  linear   operating  condition.   Plate 


current  at  around  150  mA  with  the  RF  tank 
loaded  a  litle  beyond  maximiim  RF  output. 
That  is,  with  the  beam  in  use  connected,  full 
plate  voltage  (whatever  you  have,  300  to  500) 
on,  first  load  the  plate  circuit,  via  L3  and  C3, 
for  maxiniuni  RF  output  as  indicated  by  a 
small  pilot  lamp,  no-  48  or  49,  120  milliwatts, 
in  series  with  a  1  to  5  pF  trimmer  across  the 
output  cable,  or  whatever  means  you  have  to 
indicate  antenna  cable  energy.  Do  not  allow 
this  indicator  to  be  coupled  to  the  plate  tank. 

Then,  listening  to  your  own  voice  modula- 
tion with  a  small  monitor  (you  can  use  a 
tape  recorder  if  you  have  one,  which  avoids 
the  padded  earphones),  adjust  the  output 
coupling,  L3  and  C3,  for  a  little  more  loading 
which  will  increase  the  plate  mils^  flatten  out 
the  dip,  and  decrease  slightly  the  RF  in  the 
cable.  Only  a  little,  though.  Retime  the  grid 
input  for  a  check,  and  then  leave  it  alone.  The 
adjustments  are  \ery  stable  and  unless  you 
change  beams  you  should  have  "excellent" 
modulation  reports  from  then  on. 

You  can  also  use  this  same  amplifier  later 
for  class  C  or  SSB  with  oidy  slight  bias  and 
screen  voltage  changes. 

On  the  air 

This  has  been  prett>'  well  covered  in  the 
modulation  reports.  The  difference  in  S  reports 
between  the  barefoot  Twoer  and  the  40  watts 
out  may  surprise  you,  though.  Especially  if 
vou  use  another  receiver  and  can  hear  the 
other  DX  like  they  can  now  hear  you  I 


Tapping  of  Pi-Section  Inductors 


Since  many  amateurs  design  their  linear 
amplifier  around  a  favorite  ttibe,  only  rarely 
is  the  plate  resistance  accommodating  enough 
to  alIo\v  the  use  of  coDimercial  inductors.  So 
one  has  to  move  taps  around  and,  more  often 
than  not,  the  end  result  is  guesswork.  I  pre* 
sent  here  an  almost  foolproof  scheme  for  tap- 
ping inductors  that  does  not  seem  to  be  gen- 
eral know^Iedge. 

After   completing   the   pi-section,    compute 
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the  proper  values  for  C|  and  Co  in  the  middle 
of  each  band.  Then  disconnect  the  tube  from 
the  pi-section  and  replace  it  with  a  composi- 
tion resistor  of  value  equal  to  the  plate  re- 
sistance. Next  on  each  band  replace  the  vari- 
able capacitors  C|  and  C^  with  fixed  value 
tvpes  of  the  correct  value  for  tlie  middle  of 
the  band.  Next  tune  vour  exciter  to  the 
middle  of  the  baud  and  connect  it  through 
an  SWR  bridge  to  the  output  of  the  pi- 
section.  Then  applying  drive  commensurate  to 
the  wattage  of  the  composition  resistor,  tap  the 
inductor  for  minimum  SWR.  Do  this  for  each 
band  in  turn. 

Thus  1:1  swr  insures  that  the  50  ohm  out- 
put of  the  pi-section  will  match  exactly  the 
load  resistance  of  the  tube  or  in  practice  that 
the  tube  will  match  to  the  antenna.  This  same 
technique  has  many  applications  as  for  in- 
stance to  match  grid  circuits  for  maximum 
transfer  of  power* 

.  .  .  Chuck  MacCluer  W8MQW 
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NEW 


350 


TRANSCEIVER 


F 


BANDS 


OTHER  FEATURES 


•  3,5  -  4  0  mc,  7.0  -  7.5  mc,  13.85  -  14.35  mc, 
21.0  •  21  5  mc.  28,5  -  29.0  mc  (10  meter  full 
coverage  kit  available). 

•  Transistomed  VFO. 

•  Crystal  lattice  filter. 

•  ALC  .  .  .  AGC «  .  .  S^Meter. 

•  bVi  in   high,  13  in.  wide,  11  In.  deep. 
«  400  watts  SSB  input. 

•  Lower  sideband  on  80M  and  40M.  Upper  sideband 
m  20M,  15M,  and  lOM.    (Opposite  sideband  kit 

available) 

ACCESSORIES: 

•  AC  power  supply,  matching  cabinet  with 
speaker  Model  117  C $95 


400  WATTS 

$420 


IMMEDIATE 
DELIVERY! 

PERSONAL 
INDIVIDUAL 

SERVICE 
GUARANTEED 

WE  WANT  YOUR  BUSINESS 

ORDER 


AREA  CODE  806-POrter  2-8759- 1320  19TH  ST.    LUBBOCK.  TEXAS  79401 
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Ed  Marrrner  W6BLZ 
528   Colima   Street 

La  Jolla,  California 


Better  Sideswiper 

for 
Electronic  Keyers 


The  local  radio  parts  store,  aod  melal  sup- 
ply have  enough  simple  parts  to  build  a  good 
sideswiper  for  electronic  keys.  Tliis  idea  is 
better  than  a  niakesliift  key  using  a  hacksaw 
blade  or  tearing  up  a  regular  telegraph  key. 

All  of  the  parts  for  the  key  are  mounted  on 
a  lead  base  to  keep  the  key  solid  on  the  oper- 
ating table.  Lead  is  also  easy  to  drill  and  tap, 

Ed  has  been  licensed  sitice  1931  with  one 
caU-W6BLZ,  lie  is  a  System  Engineer  for  the 
U,S.  Naval  Electronics  Lab  in  SatL  Dieg^o  and 
luis  had  350  articles  printed  in  various  maga- 
zines. 
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Fig,    K  W6BLZ's  sideswiper  for  electronic  keyers. 
The  bose  is  made  from  lead  molded  in  o  sardine 


can. 
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and  should  offer  no  problem  for  the  home 
constructor.  The  mold  is  made  from  a  sardine 
can,  and  the  round  corners  give  a  pleasing 
appearance  to  the  key. 

Construction 

First  go  to  the  grocery  store  and  select  a 
nice  can  of  sardines,  and  a  size  suitable  to 
your  liking.  Dispose  of  the  sardines  and  trim 
the  metal  off  to  the  edge  of  the  can  and  clean 
it  out  thoroughly.  Heat  some  lead  in  a  snuill 
crucible  or  small  skillet  and  pour  the  lead  into 
the  can.  When  the  lead  has  cooled,  tear  away 
the  tin  by  using  pliers  or  diagonals.  Any 
roughness  left  on  the  surface  of  the  lead  can 
easily  be  filed  away  with  a  rough  file,  and 
then  smoothed  with  sandpapen  Use  the  bot- 
tom side  of  the  can  for  the  top  of  the  base* 
Spray  the  base  %vith  lacquer  after  all  of  the 
holes  are  drilled  and  tapped. 

To  make  construction  simple,  the  contact 
leads  are  fastened  to  a  Jones  type  barrier  strip 
mounted  on  the  base  by  tapping  in  6-32  hold- 
ing screws.  All  of  the  radio  brackets  are  foimd 
in  the  Walsco  displays  in  the  parts  store.  The 
brackets  are  all  fastened  by  tapping  into  the 
lead.  The  two  front  contacts  for  dot  and  dash 
are  mounted  on  an  insulated  dowel  of  either 
fiber  or  wood,  which  have  been  driven  into  a 
%  inch  hole  put  in  the  lead. 

The  contacts  for  fbe  key  are  made  simply 
from  8-32  machine  screws.  These  were  used 
because  the  hole  in  the  90  degree  bracket  is 
just  the  right  diameter  for  tapping  8-32 
threads,  and  makes  a  good  ad}ustable  contact. 
A  cap  head  t\Tpe  screw  is  best  so  that  it  will 
clear  the  6-32  liead  hnkhng  the  bracket  to  the 
liase. 
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plenty  of  power,  fixed  or  mobile 
operation— all  the  features 
you'd  want  in  a  top  quality, 
e-meter  transceiver. 


Just  look  at  what  you  get  In  this  compact 
.high-power,  ultrQ'Sensiiive  successor  to  the  famed  99'er. 

SUPERSENSIirVE  RECErVER  •  Dual  conversion  design  with  sharp  8  KC  selectivity  for  freedom  from 
birdies,  tweets  and  spurious  signals*  •  S  Meter  doubles  as  tuneup  meter  for  transmitter,  •  Full 
49.9  to  52.1  mc  coverage  for  accurate  dial  readout-excellent  band  spread.  •  Sharp  cut-off,  adjust- 
able squelch*  •  Excellent  AGC  performance.  •  RF  stage  provides  optimum  usable  noise  figure- 
freedom  from  cross  modulation  and  overload,  0,5  uv  sensitivity  captures  weakest  signals*  •  2  watts 
audio  output  with  internal  speaker.  Provision  for  external  speaker*  •  Effective  automatic  noise 
limit  er. 

POWERFUL  TRANSMITTER  •  High  efficiency,  22  watt  final  amplifier,  driven  by  straight-through  am- 
plifier for  low-low  harmonic  output.  •  Dual  sclf-containr^d,  solid-state  power  supply  for  both  115 
VAC  or  12  VDC  operation*  •  Push-to-talk  with  provisions  to  automatically  switch  Apollo  Linear 
and  external  VFO*  •  Broadband,  multi-tuned  exciter  staj^es  for  rapid  QSY  and  freedom  from 
spurious  outputs-no  TVI  problems!  •  High  level  modulation  with  speech  clipping  for  top  talk 
power.  •  Transmitter  frequency  spotting  switch,  •  Operated  with  8.3/12.5/25  mc  crystals. 
Ideal  for  MARS,  CAP.  Wide  variety  of  accessories  for  CD  application*  See  the  Clegg  **66*er"  today* 
$249,95*    Microphone    S10,50.    Squires-SanderSf    Inc.,  73  Martinsville  Road,  Millington,  N.  J,  07946. 
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A  %  inch  /4  metal  brass  bar  was  obtained 
at  a  metal  supply  house  for  the  lever  arm.  It 
is  fastened  to  the  base  by  attaching  a  small 
brass  hinge  which  has  been  sawed  in  half* 
Having  tried  all  of  the  pivots  and  bearings, 
the  cheapest  and  best  turned  out  to  be  this 
hinge  which  only  cost  40  cents  for  a  set  of 
four.  Any  slop  in  motion  can  be  corrected  by 
pinching  the  metal  going  around  the  pin.  It  is 
better  to  attach  the  hinge  to  the  lever  with  a 
screw  and  then  drop  a  bit  of  solder  on  it  with 
a  small  torch  or  large  soldering  iron.  The 
particular  hinge  was  type  #5075XC,  manu- 
factured by  the  Braiaerd  Mfg  Co*  East 
Rochester,  NT.,  it  is  a  %  inches  x  S  wide, 
soh*d  brass  butt  t>pe  hinge. 

Two  holes  were  drilled  into  each  side  of 
the  lever  arm  to  accept  the  ends  of  the  ten- 
sion springs  to  keep  them  in  line.  The  springs 
were  found  in  a  hardware  store  and  had  a 
light  tension.  They  could  be  taken  ofl  from 
surplus  relays-  The  springs  should  be  soldered 
on  to  the  ends  of  the  adjustment  screws  going 
through  the  bracket. 

Adjustment 

Once  the  key  is  finished^  insulated  wires 
can  be  run  back  from  each  contact  to  the  ter- 
minal strip.  Since  the  base  is  ground^  a  screw 


can  be  run  through  the  middle  terminal  screw 
and  tapped  into  the  base  making  it  necessary 
to  only  run  two  wires  from  the  contacts.  The 
two  springs  can  be  used  to  center  the  lever 
ami^  or  stops  can  be  screwed  into  the  base  to 
suit  the   operator  adjustment* 

This  key  is  easy  to  make,  functions 
smoothlv  and  looks  a  little  better  than  many 
other  make  shift  devices  used  for  keying  the 
automatic  keyers.  Besides,  think  of  the  en- 
joyment Pussy  Cat  will  get  eating  all  those 
sardines! 

.  .  ,  W6BLZ 


Source  of  the  mold  for  the  base  of  the  key. 


JULY  l%6 


71 


tmm 


Dr.   Howard  Klein  WB2EPG 

1 23-60-83rd  Ave. 

Kew  Gardens,  N.Y.  11415 


Replace  Your 

Sirs  with  572B's 
The  Right  Way 

Due  to  the  popularity  of  the  811  tube  in 
both  commercial  and  homebrew  linears  sev- 
eral manufacturers  produced  a  replacemeiit 
for  the  811's  capable  of  greater  plate  dissipa- 
tion and  in  general  a  more  rugged  tube.  This 
was  the  572.  With  its  introduction  several 
years  ago  there  were  several  references  to  the 
excliauge  of  811's  for  572's.  AH  of  the  refer- 
ences I  had  seen  merely  suggested  t!ie  re- 
placemeut  of  the  existing  81  Ts  with  the  572's 
without  any  further  change.  This  seemed  like 
an  easy  way  to  increase  power  without  effort 
and  with  small  expense.  How  this  increase  in 
power  was  actually  achieved  was  gi\  en  little 
thought* 

In  my  rig  which  used  four  811's,  the  power 
supply,  a  conventional  full  wave  bridge  rec- 
tifier circuit,  delivered  1700  volts  at  no  load 
and  1500  volts  at  600  mA.  By  replacing  the 
81  Ts  with  572's  the  output  was  found  to  be 
substantially  the  same  but  the  odd  order  dis- 
tortion products  were  found  to  have  increased 
marlcedly.  The  only  discernible  advantage 
was  that  the  572's  showed  no  color  on  the 
plates. 

After  some  thought  and  a  perusal  of  the 
spec  sheet  on  the  tube^  available  from  the 
manufacturer^  the  following  changes  were 
made.  It  was  first  deemed  fiecessary  to  raise 
the  plate  voltage  on  the  tube  to  about  2500 
volts,  Tliis  was  done  by  jumping  the  input 
choke  which  raised  the  no  load  voltage  to 
2700  volts  in  mv  ease.  At  the  same  time  it 


was  necessary  to  increase  the  filter  capacitor 
rating  to  a  safe  working  voltage,  I  originally 
had  five  100  ^F  elect roly tics  rated  at  450 
working  volts  in  series  shunted  by  100  k  re- 
sistors, I  added  three  mf)re  similar  electrolytics 
and  shunted  each  of  these  with  like  resistors. 
The  transformer  as  used  originally  had  a  dual 
winding  secondary,  for  B  plus  and  filament 
voltages.  Since  this  was  felt  to  be  poor  design 
an  outboard  filament  transfonner  was  incor- 
porated. Thif>  also  allowed  the  original  trans- 
fonner to  operate  without  sattirating  under 
full  load. 

Under  these  conditions  the  rectifiers  must 
be  carefully  evaluated,  particularly  if  they  are 
solid  state.  In  my  power  supph  I  have  three 
silicon  diodes  each  rated  at  1700  piv  and  750 
inA  and  each  shunted  bv  a  470  k  resistor  and 
a  .01  jtF  capacitor  in  each  leg.  It  is  also  pru- 
dent  to  place  a  ,003  mF  silver  mica  capaci- 
tator  of  sufficient  voltage  rating  across  the 
transformer  secondary, 

A  further  change:  81  Ts  are  usually  oper- 
ated with  about  4.5  negative  volts  of  operat- 
ing bias.  Tlie  tube  manufacturer  for  the  572 
recommends   zero  bias  so  the   4.5  volts  was 

removed. 

If  the  preceding  conditions  can  satisfac- 
torily be  achieved  the  limiting  factors  now 
become  the  plate  transfonner,  the  exciter  driv- 
ing power  nud  the  FCC,  To  drive  four  572B's 
to  a  kilowatt  input  about  one  hundred  watts 
is  required  allowing  for  circuit  losses.  Under 
test  conditions  into  a  dmnmy  load  the  tubes 
were  loaded  to  one  amp.  The  plate  voltage 
dropped  from  2700  volts  at  no  load  to  2200 
volts  at  one  amp.  The  output  as  measured 
with  a  wattmeter  showed  1400  watts.  This  is 
an  efficiency  of  about  64%.  Under  actual  on 
the  air  conditions  the  rig  is  loaded  to  400  niA 
while  the  plate  voltage  is  2250  volts. 

The  removal  of  the  choke  raised  questions 
as  to  the  adequacy  of  the  regulation.  However 
the  voltage  variation  was  found  to  be  within 
tolerable  limits.  Operating  both  in  the  SSB 
and  CW  mode,  checks  made  with  a  scope  and 
on  the  air  indicated  the  signal  was  clean  and 
free  of  excessive  distortion  products- 

An  excellent  source  for  these  tubes  is  Scien- 
tific liistrument  Co.  of  Union,  New  Jersey. 
The  price  is  $12.50.  In  a  recent  communica- 
tion with  the  manufacturer,  it  is  stated  that 
the  tubes  have  been  further  improved,  the 
exact  nature  of  which  vidll  soon  be  forth- 
coming. Waters  Manufacturing  also  distributes 
572B's. 

,    ,    ,  WB2EPG 

Photo  courtesy  of  Scientific  Instrument  Co. 
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Who  says  YOUR  SHACK 

can't  be  WIFE  APPROVED  ? 


Shown  above  is  Ray  Grenier,  K9KHW,  and  his  wife,  Margaret.  As  you  can  see  by 
the  smile  on  Margaret's  face,  his  new  living  room  Ham  Shack  is  definitely  Wife- 
Approved.  Approval  was  secured  by  the  use  of  the  new  Design  Industries  Diplo- 
mat Desk  (SI39.95).  and  of  course,  Modern  Equipment.  Incidentally,  Ray  is  the 
manager  of  Mail  Order  Sales  at  AMATEUR  ELECTRONIC  SUPPLY  ^  should  you 
be  in  the  market  for  such  a  desk,  or  any  New  or  Reconditioned  Equipment,  etc., 
be  sure  to  get  his  deal  before  you  do  business. 

AMATEUR  ELECTRONIC  SUPPLY 

4828  WEST  FOND  DU  LAC  AVENUE  Q-66 
MILWAUKEE,  WIS.  -  53216   PH.  (414)  442-4200 

IMPORTANT!   —  Be  sure  to  send  all   Mail  Orders  and    Inquiries 
__    to  our  Milwaukee  store,  whose  address  is  shown  above,  VISIT  — 
Please  do  not  write  the  following  Branch  stores  —  they  are  set  up 
to  handle  walk-in  trade  only. 


CHICAGO^  ILLINOIS 

6450  Milwaukee  Avenue 
Phone  (312)  763-1030 


ORLANDO,  FLORIDA    32807 

19  Azalea  Park  Shopping  Center 
Phone  (305)  277-8231 
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Joseph  Zelle  W8FAZ 
]  227  Addison  Rood 
Cleveland,  Ohio 


POWT 


80  UTTERS 


COMMON    POINT 
ftF    FEED 


10  METfiRS 


20  IffETERS 


I&  METERS 


40  METERS 


Fig.  1 .  Stonding  wave  distribution  for  harmoni- 
cally related  even  modes  of  excitation.  Note  that 
these  curves  ore  theoretical  ond  assume  equal 
power  on  the  frequencies,  constant  efficiency^  no 
nriismotches  and  no  ground  plane  effects. 
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Fig.   2.   Dimensions  ond  construction  of  UBSUG's 
all-bond  verticol. 


UBSUG's 

Five  Band 

Vertical 
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For  llie  past  few  years,  UB5UC  of  Kiev, 
has  been  operating  a  mnlli-band  vertical  an- 
tenna that  requires  no  swi telling  and  no  traps. 
Moreover,  the  antenna  is  excited  by  a  single 
rf  feedline*  In  theory,  the  antenna  system  is 
quite  straightforward,  but  llie  con.stiuction 
does  require  some  ingenuity. 

Basically,  the  system  acts  as  two  autciinas. 
The  frequency  of  operation  determines  which 
mode  will  take  over*  On  eighty  meters,  it  oper- 
ates as  a  half -wave  verticaK  with  the  ground 
plane  elements  tending  to  act  as  a  "hat,"  This 
effect  improves  the  current  distribution  both 
on  eighty  and  forty  meters  for  low-angle  dx. 

On  twenty  and  fifteen  meters,  the  upper 
portion  operates  as  a  ground  plane  antenna. 
On  twenty,  the  protruding  rod  acts  as  a  0.5  ^ 
radiator,  while  on  fifteen  as  a  0.625  X  radia- 
tor. Good  enough  results  have  also  been  ob- 
tained on  ten  meters. 

Probably  the  system  could  be  extended  in 
both  directions,  with  some  additional  tuning 
arrangements  to  operate  on  one  hundred  sixty 
meters  and  six  meters.  Approximate  theoretical 
standing- wave  distribution  for  the  five  main 
ham  bands  is  illustrated  in  Fig.  1, 

Like  the  horizontal  Wlndoin  all-band  an- 
tenna^ the  point  of  input  feed  represents  a 
compromised  low  impedance  point  for  all  the 
bands.  The  exact  point,  togetlier  with  all  the 
other  dimensions,  is  shown  in  Fig.  2,  An  SWR 
of  3:1  to  3.5:1  on  eighty  is  reported  by 
UB5UG,  On  forty,  twenty,  and  fifteen  meters 
it  is  around  1.5:1,  and  is  2:1  for  the  ten 
meter  band.  Most  efficient  radiation  occurs  in 
the  twenty  and  fifteen  meter  bands. 

Not  much  is  said  about  the  pliysieal  aspects 
of  the  antenna.  The  basic  vertical  length  con- 
sists of  72  olmi  coaxial  cable.  The  feedline  is 
also  72  ohm  coaxial  cable.  Above  the  vertical 
coax  section  is  a  2S-foot  rod  of  1%  inch  tubing. 
Ground  plane  elements  consist  of  antenna 
cabUng  mounted  on  hazelwood  beams. 

As  a  self-supporting  vertical  radiator,  the 
antenna  may  present  some  formidable  prob- 
lems. Probably  the  simplest  solution  would  be 
a  wooden  pole  witli  wooden  cross-arms.  The 
cables  and  rods  could  then  be  mounted  to  this 
frame  via  stand-off  insulators-  To  tlie  ambitious 
and  enterprising  radio  amateur  confronted 
with  such  a  vertical  solution  to  his  antenna 
problem,  the  actual  structure  should  be  just 
another  challenge. 

.  .  ,  W8FAZ 


This  article  based  on  an  item  In  Soviet  Journal, 
RADIO,  No.  0,  1960 p  page  44.  entiUed  "Five-band  Ver- 
tical Antenna,"  by  Y.  Myedinyets  (UB5UG). 
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VALUABLE  books  from  E.&E 


great  "how-to-buUd" data  in  the  famous 
RADIO  HANDBOOK  (^6'i>  ^^l    ^ 

Tells  how  to  design, 
build,  and  operate  the 
latest  types  of  amateur 
transmitters-  receivers, 
trans€eivers;  and  am- 
plifiers. Provides  ex- 
tensive, simplified  theory  on  practically  every 
phase  of  radio.  Broadest  coverage;  aU  origi- 
nal data,  up-to-date,  complete,  816  pages. 
Order  No.  166^  only •  -  -  $9,50 

RADIOTELEPHONE  LICENSE  MANUAL 

Helps  you  prepare  for  all  commer- 
cial radio-telephone  operator's 
license  exams.  Provides  complete 
study-guide  questions  and  answers 
in  a  single  volume.  Helps  you  un- 
derstand fully  every  subject  you 
need  to  know  to  obtain  an  opera- 


\MitVk\  UHUjU 


TRU&ISISfl 


tor's  license.  200  pp*  Order  No,  030, on/y,  $5.75 

LEADING  BOOK  ON  TRANSISTORIZED 
COMMUNICATIONS  EOUIPMENT 

TRANSISTOR    RADIO   HANDBOOK,    by 

Donald  L,  Stoner,  W6TNS,  Lester 
A.  Earnshaw^  ZLlAAX.  Covers  a 
wide  range  of  communication  uses 
for  both  amateur  and  commercial 
applications.  Includes  audio  and 
speech  amplifiers,  VHF  transmit- 
ting and  receiving  equipment,  SSB  exciters, 
and  complete  SSB  transceivers-  180  pages* 
Order  No,  044,  only, . ,  $5.00 


HOW  TO  CONVERT  SURPLUS  RADIO  GEAR 

INTO  AMATEUR  AND  CB  EOUIPMENT 

Here  is  a  wealth  of  conversion  data 
in  3  volumes;  includes  photos,  dia- 
grams, instructions. 

Vol.  1.  Covers:  BC221.  BC  342.  BC  312, 
BC-348,  BC  4 1 2,  BC-645 ,  BC  946,SCR-274 
(BC  453A  &  BC-457A  series).  SCR  522, 
TBY,  PE-103A,  BC  106BA/1161A,  etc. 
Order  No,  311,  only...... **,*., $3.00 

Vol.  2.  Covers:  BC-454,  AN/APS- 13,  BC'457,  ARC-S, 
G0*9/TBW,  BC-357,  BC  946B,  BC^375,  LM,TA*12B. 
AN/ART-13,  AVT.112A,  AM-26/AIC,  ARB,  etc. Order 
No.  322t  Oftfy , ,  $3.00 

VoL3-  Covers:  APN  1,  APN-4,  ARC-4,  ARC  5,  ART- 13. 
BC- 19 1 ,  3 1 2.  342,  348,  375,  442,  453,  455,  456-459, 
603,  624,  696,  1066,  1253,  CBY  5200,  COL  43065, 
CRC-7,  DM-34,  DY-2,  DY8,  FT241A.  MD~7/ ARC-5, 
R-9/APN^4,  R-28/ARC  5,  RM52  53,  RT^19/ARC  4, 
RTl  59,  SCR-274N,  508,  522. 528,  538,  T-1 5  to  1^23/ 
ARC-5,  URC-4,  WE-7ai'A,  etc.  No-  333,  on/y.. $3.00 

Order  from  your  electronic  parts 
distributor  or  send  coupon  below. 


EDITORS  and  ENGrNEERS,  Ltd. 


n 


P.O.  Box  68003,  New  Augusta,  Indiana,  Dept73-E7 

Ship  me  the  following  books: 

n  No,  166      n  No.  044      Q  No.  322 

□  No.  030      D  No,  311      n  No,  333 
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Don  Miller  W9WNV 
DXploring 


To  the  (eft  is  Don  setting  up  his  gear  (note  the 
foom  rubber  pi  Hows)  on  Minerva  Reef,  where  he 
operated  as  IM4A.  Above  is  a  shot  of  port  of  this 
luscious  tropical  island.  How  would  you  like  to  be 
shipwrecked  there? 


t\\^.  -    ^if^ 


ti]^ 


Jitk. 


hm 


Here's  Don  operating  1  M4A. 


Maria  Teresa  Reef  seems  to  be  pretty  moist.  Don 
is  shown  here  setting  up  his  vertical  on  the  dry 
part  of  the  island.  That  isn't  sand  around  the  rock; 
Don  operated  with  his  feet  in  the  water.  The  boy 
isn't  identified. 


1 


Here's  Don  operating  F08M  on  Maria  Teresa. 
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UARTERS  FOR  DRAKE-SBE-SWAN 


SB.34 


Use  our  tailor-made 
time  payment  plan. 

DRAKE 


TR  4  Transceiver 

599.95 

T  4X  Transmitter 

399.95 

T  4  Reciter 

299.95 

R  4A  Receiver 

399.95 

AC  4  AC  Supply 

99.95 

MS  4  Speaker 

19.95 

DC  3  DC  Supply 

149.95 

MMK  3  Mobile  Mount 

6.95 

L  4  L'near  Amplifier 

695.00 

RV  4  Remote  VFO 

99.95 

SIDEBAND  ENGINEERS 


SB  34  Transceiver 
SB    LA  Linear  Amplifier 
SB  2  MB  Mobile  Mount 
SB2  VOX  Vox  Confrol 
SB  2  XC  Calibrator 
SBE  Mic  Microphone 


395.00 
249.50 
12.50 
34.50 
24.50 
14.50 


SWAN 

350  Transceiver 

1I7JC  AC  Supply.  Speaker 

14-117  DC  Supply 

250  6  Meter  Transceiver 


420.00 

85.00 

130.00 

325.00 


Mark  t  Linear  Complete  with  Tubes  543.00 


Wrjfe  for  our  Special 
Transeqiver  Packet 


TR-4 

Hi  OM: 

Yes  indeed,  we  are  the  headquarters  for  Drake,  SBE 
and  Swan.  We  are  moving  these  fine  radio  products  in 
large  quantities.  As  a  result,  we  usually  have  comptete 
stocks  including  accessories  and  can  make  immediate 
shipment  of  your  orders. 

73,  Stan  Burghardt  WGBJV 
TRANSCEIVERS 

COLtrNS   KWM'2A#  10337   Transceiver   (like   new) 
DRAKE  TR-3   Transceiver,   AC  &   DC   Supplies 
DRAKE  TR'4  Transceiver,   AC   &   DC  Supplies 
GALAXY   Jll   Transceiver,   AC   supply   &   speaker 
NATrONAL  NCX-3  Transceiver*  AC  Supply  &  Speaker 
SBE  SB-34  Transceiver,  VOX,  Calib.  &  Mike 

RECEIVERS 

COLLINS   75A3   Receiver  &  Speaker 
DRAKE   LF-1    Low  freq.   Adaptor 
GONSET    GR-212    Receiver 
HALLICRAFTERS   S-40B   Receiver 
HALLICRAFTERS   SX  99    Receiver 
HALLICRAFTERS   SX-115   Receiver 
HAMMARLUIMD    MQ  170    Receiver 
LAFAYETTE    HE  10    Receiver 
NATIONAL    NCSd  Rece  ver 
NATIONAL  NC-105    Receiver 
RME  4350    Receiver 
RME  435QA    Receiver 

SSB    EXCITERS-TRANSMITTERS 

CENTRAL  ELECTRONICS   lOA,   QT-1,  458  VFO,    160^  SO, 

40,   &  20  mtr  coils 
HALLfCRAFTERS    HT  32    Transmitter 

TRANSMITTERS 

COLLINS  32V-1  Transmitter 

ELM  AC   AF-67   Transmitter 

GLOBE  CHIEF  90  Transmitter 

GLOBE   CHIEF  90A  Transmitter 

GLOBE  CHIEF   DELUXE  Transmitter 

HEATH   DX-IOOB    Transmitter 

HEATH   HG-10   VFO 

HEATH    MT-1  TransmJtter  &   HP-20   Supply 

JOHNSON   RANGER  Transmitter 

JOHNSON  VIKING   I  Transmitter 

JOHNSON   122   VFO 

JOHNSON  500  Transmitter  (4-400  tubes) 

LINEARS 

JOHNSON   COURIER 

MISCELLANEOUS 

CHANNEL   MASTER    9524C    Automatic    Rotor 
COLLINS   F455J31    3,lkc   Mech.   Filter  for  75A4   rec- 
COLLINS   F-435-FB21   Mech,  Filter  &  Crystals 
COLLINS   302C-3   Wattmeter    (new) 
COLLINS  312B'5    Console    (like    neww) 
COLLINS   516F-2  AC   Supply   (like   new) 
HARVEY    WELLS  2    MATCH    Antenna    tuner 
MILLEN   92201  Transmatcti  JR. 
NATIONAL    NCX^A   AC    Supply 
TENNA   Heavy   Duty   Rotor  (new) 


PRICE* 

1095*00 
549,00 
689.00 
299,00 
299.00 
429.00 

249,00 

10.00 

69,00 

49.00 

79-00 

349,00 

189.00 

69.00 

69,00 

89.00 

109.00 

119.00 


99.00 
289.00 

109.00 
49.00 
29.00 
34.00 
39.00 

109.00 
29.00 
69,00 
99,00 
49  00 
19.00 

375.00 

119,00 


15.00 
19.00 
25.00 
119.00 
275.00 
95.00 
49.00 
49.00 
85.00 
29.00 


*LESS  10%   FOR  CASH  AND  NO  TRADE 

WRITE   FOR   LATEST   REVISED   BULLETIN 

ISSUED  MONTHLY 
Box  37 A     Watertown,  So.  Dak.     Phone  605     886-5749 
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Gus  Browning  W4BPD 
Cordova,  South  Carolina 


Gus:  Part  13 


The  operation  in  Monaco  was  a  success  and 
everyone  knew  I  was  on  my  way.  Even  had 
a  FB  QSO  with  Harvey  Brain  VQUUB  to  let 
him  know  I  was  on  my  way  to  the  Seyclit  lies 
and  to  have  the  man  who  owned  the  boat 
have  it  all  shipshape  to  depart  when  1  arrived 
there*  I  made  a  few  stops  along  the  way 
between  Monaco  and  Bombay,  Met  some  of 
my  old  friends  in  Cairo,  Beirut,  Aden^  a  few 
others.  Finally  arriving  in  Bombay  a  few  days 
before  the  S,S.  Kampala  was  to  depart  for 
VQ9  land.  The  usual  way  to  get  to  VQ9 
land  is  by  way  of  Mombasa,  Kenya.  This  is 
a  little  cheaper  than  by  way  of  Bombay,  but 
1  tried  to  get  reservations  on  one  of  the  boats 
six  months  in  advance  and  was  informed  that 
all  reservations  were  filled  up  for  over  a  year 
in  advance.  It  seemed  tlit  every  VU2  lliat 
was  living  in  Africa  was  on  a  one  way  trip 
back  to  VU2  land.  Apparently  they  were  of 
the  opinion  that  tilings  were  not  going  to  be 
good  for  them  in  Africa  anj'  more  and  they 
were  going  buck  to  their  mother  coiinlry. 
Passage  was  arranged  very  easily  from  Bom- 
bay to  the  Seychelles.  In  fact  the  boat  seemed 
to  be  about  only  half  fiUed. 

Rememlier  tlie  day  I  departed  from  Idlewild 
we  sliipped  a  number  of  items  via  air  freight 
to  Bombay  for  reshipment  to  VQ9  land  on 
the  SS  Kampala  along  with  me.  It  was  good 
I  got  in  Bombay  a  few  days  before  sailing 
day  because  there  was  nothing  at  the  airline 
offices  for  me  at  all.  Mind  you  I  had  been 
delayed  in  arriving  in  Bombay  about  twelve 
daySj  and  I  arrived  about  four  da\s  before 
departure  date  for  the  Seychelles.  Even  with 
all  this  extra  allowance  for  air  freight  ship- 
ment delays,  etc,  nothing  had  as  yet  arrived 
in  Bombay,  I  could  not  possibly  depart  on 
that  boat  unless  I  saw  my  power  plant  and 
the  other  material  on  the  ship.  It  would  lia\'e 
done  me  no  good  to  arrive  on  tlie  island  with- 
out at  least  the  power  plant  which  I  was 
going  to  use  at  Aldabra.  It  took  a  lot  of  DX 
telephone  calls  to  finally  locate  tbe  air  freight 

shipment.  It  somehow  had  been  offloaded  in 
Karachi  and  was  just  laying  there  for  some 
strange  reason.  To  be  truthful  every  experi- 
ence I  have  ever  had  with  air  freight  ship- 
ments  were   always   like    this.   The   shipment 


arrived  in  Bombay  one  day  before  sailing 
day  to  the  Seychelles  and  on  toj)  of  that  it 
was  a  legal  holiday.  Now  you  try  getting  some- 
thing from  Indian  Customs  on  one  of  their 
holidays  when  customs  are  closed  up.  Then 
I  bad  to  pay  extra  for  a  customs  guard  to  come 
along  with  the  shipment  to  be  sure  it  was 
put  on  the  ship  and  that  it  did  not  end  up 
in  India.  You  don't  fool  these  Indian  customs 
fellows,  they  trust  no  one  at  anytime  under 
any  condition.  Now  all  of  this  monkey  business 
cost  quite  a  few  extra  rupees,  I  was  the  one 
who  ended  up  paying  all  tliis  of  course  and 
also  the  DX  phone  calls  too.  I  teU  you  tlie^e 
unexpected  costs  will  eat  a  big  hole  in  your 
pocketbook.  Trying  to  keep  an  exact  account 
of  such  expenses  are  a  real  headache  and  I 
suppose  I  have  lost  quite  a  good  sized  sum 
of  money  in  tiding  to  keep  a  record  of  ex- 
X)en8es.  You  have  the  extra  trouble  of  trying 
to  keep  your  records  in  dollars  and  spending 
rupees,  and  every  time  you  move  those  hands 
are  out  for  backsbee  (tips),  and  these  people 
are  real  professionals  wben  it  comes  to  extract- 
ing the  last  rupee  from  you,  I  was  lucky  in 
liombav  to  have  met  Dady  VU2MD,  Tip! 
VU2TP,  VU2RX  and  \nj2CQ,  They  took  very 
good  care  of  me  with  transportation  all  the 
time  to  wherever  I  wanted  to  go,  and  they 
knew  all  the  shortcuts  in  dealing  with  their 
people  or  I  suppose  I  would  have  ended  up 
spending  a  lots  more  than  I  did.  These  VU2 
boys  were  very  wonderful  to  me  and  knew 
how  to  roll  out  the  Red  Carpet.  Later  on  I 
found  that  every  one  of  the  Indian  Radio 
amateurs  was  the  same  way.  They  will  do 
anything  in  the  world  for  a  fellow  ham.  After 
spending  a  few  days  in  Bombay  I  could  easily 
see  w^here  the  expression  the  ^'masses  of  India** 
came  from.  You  cannot  picture  in  your  mind 
the  amount  of  human  beings  you  see  on  the 
sheets  of  Bombay.  Later  on  I  found  that 
Calcutta  was  like  Bombay  only  multiply  what 
you  see  by  about  3  and  you  have  some  idea 
wbat  a  tremendous  amount  of  petiple  there 
were  on  the  streets,  I  soon  found  out  to  not 
give  any  rupees  to  the  beggars  on  tlie  street 
because  before  yon  can  bat  your  eyes  there 
are  a  hundred  where  they  came  from.  About 
the  best  way,  at  least  with  me,  when  the 
beggars  approached  you  were  to  look  straight 
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ahead  and  not  ever  even  let  them  know  that 
you  see  or  hear  them-  Trying  to  overcome 
the  giving  of  backshee  to  tliem  is  a  very 
difficult  thing  to  do.  It's  sort  of  like  trying 
to  pkig  up  a  dike  made  of  screen  wire  with 
a  few  ttiothpickSj  the  little  relief  you  give  is 
so  insignificant  you  may  as  well  not  even 
bother.  At  least  that's  how  it  seeiiied  to  me. 

You  want  service  in  a  restaurant,  just  go  to 
an  Indian  restaurant,  there  are  usually  more 
servants  than  there  are  tables  iind  when  you 
get  ready  to  leave  it  seems  like  everyone  oi 
them  waited  on  you.  I  mean  when  you  see 
all  the  hands  sticking  out  for  their  tips.  The 
Airlines  Hotel  in  Bombay  is  a  pretty  good 
place  to  stay  when  you  are  there,  their  prices 
are  fair  and,  boy,  you  do  get  service*  The 
day  to  depart  from  Bombay  arrived  and  the 
usual  rush  down  at  the  boat  took  place,  cus- 
toms was  cleared,  everything  that  was  shipped 
by  air  freight  was  placed  in  my  cabin,  every- 
one was  paid  off,  I  shook  hands  with  the  VU2 
fellows,  the  anchor  was  lifted  and  we  were 
away  for  the  Seychelles,  At  that  time  the  fare 
was  aronnd  $120.00  for  one  way  passage  from 
Bombay  to  VQ9  land-  This  was  tourist  class, 
the  cabins  were  very  clean  and  the  service  fine. 

I  met  a  man  from  Zanzibar  w^ho  had  gone 
back  to  Pakistan  to  see  some  of  his  relatives 
along  with  his  family.  He  had  a  brand  new 
Mercury  car  that  he  was  taking  back  to  Zan* 
zibar  on  board  the  ship,  I  told  liim  that  I 
might  get  back  to  Zanzibar  and  he  insisted  that 
I  make  his  home  my  home  when  I  arrived 
in  Zanzibar.  He  was  In  the  ivorv  business 
and  from  what  I  saw  of  him  and  his  family 
he  was  very  successful.  I  still  have  his  ad- 
dress and  telephone  niunber  in  my  little  white 
book.  But  since  readitig  all  about  what  hap- 
pened down  in  Zanzibar  the  past  few  years  I 
guess  he  is  not  there  any  more.  Maybe  he 
was  lucky  enough  to  liave  escaped  the  fate 
of  some  of  the  others  that  I  read  about,  I 
<tften  find  myself  wondering  about  him  and 
his  verv  nice  familv.  If  any  Americans  ever 
get  back  into  that  countrv^  to  do  any  operat- 
ing I  will  be  very'  much  surprised.  That  is 
not  unless  there  is  a  big  ch.inge  in  their  atti* 
tude  from  what  it  seems  to  be  at  this  time. 
When  I  was  in  Zanzibar  a  few  years  before 
tilings  were  so  peaceful  and  quiet,  and  every- 
one seemed  to  be  doing  such  a  fine  business. 
Maybe  some  day  I  will  get  another  chance  to 
go  there  if  for  no  reason  other  than  to  see 
if  there  has  been  many  changes  from  what  it 
was  when  I  was  llu  rev 

For  the  benefit  of  any  of  you  fellows  who 
have  never  made  an  ocean  voyage  on  a  large 
ship,  let  me  tell  yon   that  you   have  missed 
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some  of  the  most  pleasant  thiiigfs  in  this  world. 
The   meals    on    these   ships    are   out    of   this 
world*  Three  or  four  different  kinds  of  meat 
for  every  meal  and  everything  else  that  goes 
towards  making  some  of  the  finest  eating  you 
will  ever  have.  You  know^  when  you  pay  them 
the  $120.00  for  the  boat  passage  you  are  also 
paying  for  all   the  food   for   the  entire   trip. 
If  tnne  is  not  a  pressing  matter  with  you  I 
taijiiot  over  emphasize  or  over-recommend  that 
you  take  a  boat  trip   the  next   time  you  go 
overseas.   Setting  up   tliere  on   the  sun   deck 
watching  the  Hying  fish  sail  away  when  the 
ship  approached  them,  and  occasionally  seeing 
a  whale  blow  in  the  distance,  or  just  watching 
the  sea  gulls  following  the  boat  makes  things 
so  peaceful  and  restful.  Every  morning  usually 
you  could  see  any  number  of  poipoises  parad- 
ing along  with  the  boat  usually  in  schools  of 
tluee  or  four.  The  trip  from  Bombay  to  tlie 
Sevchelles  took  five  and  one  half  davs  and  I 
must  say  they  certainly  were  very  restful  days. 
Every  night  there  was  a  movie  and  afterwards 
there  was  dancing  with  the  orchestra.  They 
even  played  some  twist  music  and  this  did 
liven  up  things  a  bit.  Everyone  played  many 
different  games  all  during  the  day.  All  I  can 
say  is  "take  yourself  an  ocean  trip  by  boat/' 
Remember  the  only  way  to  get  to  VQ9  is 
by    boat    either    from    Bombay,    Karachi,    or 
Klombasa.   Ships  sail  about  once  per  month 
and  occasionally  during  certain  months  twice 
per  month.  I  tried  talking  the  wireless  operator 
into  letting  me   do  some  ^'maritime  mobile"^ 
but  could  never  get  to  first  base.  The  fellow 
that  the  boys  from  Kansas  City  and  I  met 
before   either  was   not   working  on   the  ship 
any  more  or  was  on  leave.  I  even   talked  to 
the  captain  about  it  and   he  just  could   not 
understand    why    a    fellow    wnuld    want    to 
operate  from  a  ship  out  in  the  middle  of  the 
Indian  Ocean.  I  finally  gave  up  on  this  and 
fust   acted    like   all    thr    fjther   passengers    on 
board.  I  sat  back  in   the  deck  chairs,  drank 
my  tea   twice   daily,   was   first   in    the  dining 
room  when  they  rang  the  bell,  went  to  bed 
eadb  night  early  and  read  a  lot  nf  books  from 
the  ship's  library.  Tlie  trip  was  enjoyable  and 
I  airived  at  VQ9  in  a  very  rested  up  con- 
dition.  But  I   would   have   preferred   it   a  lot 
more  if  I  could  have  been  operating  \V4BPD/ 
MM  I  am  sure.  I  was  busy  getting  my  logs  in 
order,  writing  a  few  letters,  and  sort  of  going 
over  the  equipment.  I  wanted  everything  to 
be   "go"   when   1    arrived    at   VQQ    and    was 
hoping  that  Harv^ey  and  Jake   (the  owner  of 
the  boat)  would  have  everything  ready  to  go 
also* 

Early  in  tlie  morning  of  the  fifth  day,  Mahe, 


the  main  island  of  tlie  Seychelles  group  was 
sighted  off  in  the  distance,  first  as  a  sort  of 
long  mountain  peak  sticking  up  out  of  the 
water  with  a  few  of  the  other  smaller  islands 
nearby  as  smaller  mountain  peaks.  As  the 
ship  drew  closer  the  mountain  gradually 
changed  into  the  general  shape  of  an  island. 
A  little  later  on  the  palm  trees  and  then  the 
beaches  could  be  seen  with  the  breakers 
breaking  on  the  beaches.  The  Kampala  being 
a  fairly  large  ship  always  anchored  out  in  the 
deep  channel  about  one  mile  away  from  the 
end  of  the  long  pier.  Many  of  the  island  boats 
alvva\s  come  out  to  meet  the  ships  when  they 
anchor  in  the  channel.  Some  pick  up  the  pas- 
sengers that  are  leaving  the  sliip  at  Mahe, 
and  also  the  ship  passengers  who  want  to  come 
ashore  to  do  a  little  shopping  and  sight  seeing. 
The  ship  alwa\s  stands  at  anchor  for  six  or 
eight  hours  giving  ever>'one  plenty  of  time 
to  come  ashore  and  get  back  on  board  to  con- 
tinue on  their  wav  to  Mombasa,  The  little 
passenger  launch  picked  up  the  few  that  was 
leaving  the  ship,  T  think  there  were  only 
about  four  on  this  stop, 

When  the  passenger  launch  stopped  to 
drop  us  off  at  the  customs  and  immigration 
office  on  the  long  pier^  good  old  Haivey 
was  there  as  usual  waiting  for  me.  To  me 
each  moment  w^as  a  little  bit  more  exciting 
then  the  one  before,  kTiowing  that  all  the 
DXers  back  home  were  scanning  the  bands 
for  my  signal.  It  has  always  been  a  thrill  to 
me  to  know  T  had  so  manv  friends  and  let's 
call  them  "Gus  Watchers"  like  W6ISQ  (I 
love  them  dots)  wrote  about  some  time  ago 
in  QST.  This  fact  never  leaves  my  mind  when 
I  get  overseas,  and  I  try  my  darndest  to 
appear  on  the  bands  as  often  as  possible  be- 
cause T  don't  want  to  let  them  down.  I  remem- 
ber the  many  hours  I  have  spent  hack  at 
W4BPD  waiting  for  some  rare  DX  station 
to  appear.  Many  times  of  com  so  I  have  been 
disappointed  because  some  of  the  stations  on 
these  DXpeditions  just  were  not  dependabte 
wlien  it  came  time  for  them  to  appear  on  the 
bands,  I  very  badly  wanted  hv  reputaticm  to 
be  one  that  could  be  depcTided  upon  to  be  on 
the  air  especially  when  skip  was  at  its  peak, 
both  before  and  after  the  peak  had  come  and 
gone.  You  DXers  remember  when  I  am  on 
DXpedition  1  am  actually  more  anxious  to 
work  vou  tlmn  vou  are  to  work  me.  I  have  lots 
more  at  stake  then  any  one  station  has.  I 
alu  avs  remember  that  lots  of  money  has  been 
spent  getting  me  to  these  rare  spots  and  I 
want  everyone  to  feel  tluit  they  have  not 
spent  their  money  uselessly. 

Immigration  and  customs  were  no  trouble 
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DURING  THE  SUMMER  MONTHS,  WE  WILL  INSTALL 

YOUR  SWAN  MOBILE  RIG  FREE! 

As  an  inducement  to  have  you  visit  with  us  during  the  summer  months 
and  browse  amongst  our  large  slock,  we  offer  a  summer  special  of  free 
installation  of  any  mobile  rig  purchased.  You  merely  pay  for  the  rig  of 
your  choice  in  the  conventional  manner  and  if  properly  scheduled,  we  will 
install  this  equipment  at  no  cost  lo  you.  Our  experts  can  make  a  typical 
installation  in  about  45  minutes  and  so  if  you  will  schedule  in  advance 
with  us  the  approximate  lime  of  your  arrival  and  the  date,  telling  us  what 
you  want,  the  rest  can  be  left  to  us  and  we  will  do  a  professional  job  for 
you.  Of  course  we  cannot  RFI  the  car  at  no  charge  but  we  will  do  a 
clean,  professional  job  of  installing  your  new  Swan  250,  350,  or  400  and 
get  you  on  your  way  in  the  shortest  possible  time.  The  area  around  Har- 
vard is  steeped  in  history  and  is  particularly  beautiful  during  the  summer- 
time. This  is  not  a  city  and  we  are  some  35  miles  northwest  of  Boston. 
You  may  find  it  convenienl  to  fit  Harvard  into  your  schedule  if  you  are 
on  your  way  to  New  Hampshire  or  Maine  for  your  vacation. 

During  the  time  that  the  gear  is  being  installed  or  Ihat  you  are  palaver- 
ing inside,  the  kids  can  havt:  fun  with  Susan,  our  stump-tailed  chimpanzee 
or  waich  our  many  Italian  greyhounds  frolic  in  the  open  field. 

To  make  things  easier,  we  have  prepared  pre-cut  lengths  of  coax  and 
power  leads  so  as  to  fit  each  kind  of  vehicle*  Of  course,  we  have  the 
entire  complement  of  mobile  antennas,  halos,  and  power  supply  compo- 
nents even  for  the  positive-grounded  foreign  vehicles.  We  have  the  largest 
stock  of  Swan  in  New  England  and  can  additionally  install  all  other  stand- 
ard  brand  items. 

The  big  deal  this  summer  is  the  Swan  6-meter  Model  250*  It  provides 
an  average  80  watts  of  input  on  AM  and  240  PEP  rating  on  SSB,  It  has  a 
built-in  noise  timiter  and  an  AM  detector  as  well  as  the  conventional  SSB 
detector.  The  receiver  is  really  hot  and  you  can  cover  the  entire  6-meter 
band  with  this  equipment-  In  fact,  if  you're  a  MARS  member,  you  can 
set  it  up  for  either  Army,  Navy,  or  Air  Force  MARS  frequencies  as  well 
and  have  a  ball  by  checking  into  our  New  England  nets.  Sideband  has 
really  come  into  its  own  this  year.  It  seems  to  me  that  5%  or  greater  are 
now  on  SSB,  and  this  Model  250  will  really  make  a  dent  in  the  remain- 
ing AMers. 

Typical  installation  of  the  Swan  250  looks  like  this: 

Swan  1 17XC  for  AC  operation 

Swan  14X  for  converting  to  DC  mobile  operation  ,  , ,  , 

Hi-Par  halo  and  mount  assembly   . , , , 

Asia  Lie  hi-impact  ceramic  mobile  mike   •..-.** 

Microphone  plug  and  coaxial  connectors  and  balun  . , 
You  can  see  from  this  that  for  a  total  of  $509.45  you  can  have  the  last 
word  in  6-meters  and  the  beautiful  part  of  it  is  that  you  can  substitute  the 
Swan  350  for  the  250  and  operate  on  10,  15,  20,  40,  and  80  meters  by 
merely  unscrewing  the  gimbal  clamp  and  dropping  out  the  one  set  ajid 
substituting  the  other.  In  other  words,  the  power  supply  requirements  for 
the  Swan  250  and  350  are  the  same  and  both  have  the  same  physical  cabi- 
net dimensions. 

We  have  the  complete  complement  of  Cush  Crafty  Hi-Par,  New-Tronic 
Hustler,  Super-Hustler,  Swan  antennas  and  Webster  Band  Spanners  in  stock 

and  so  if  vou  reallv  want  to  Ii>.Ld  up  and  go  all  bands,  we'll 
inslall  everything  on  your  car  ;ini,i  do  a  creditable  job.  You 
won't  need  a  linear  with  Swan. 

Birds  of  a  feather  flock  together — buy  a  Swan   and   have 
fun  this  summer. 

Herb  Gordon  WIIBY 


.$325.00 
.  95.00 
.  65.00 
.  16.95 
7.50 
n/c 
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HERBERT  W.GORDON  COMPANY 

Woodchuck  Hill,  Harvard,  Mass.,  01451 

Telephone  617-456-3548 
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at  all  as  is  usual  in  VQ9  land.  They  did 
check  my  things  a  little  bit  closer  this  Ume^ 
wanting  to  know  how  long  I  was  going  to 
stay  there,  wliere^  and  the  purpose  of  the 
trip.  My  UKiial  answer  to  most  questions  are  a 
Hat  statement  that  I  was  a  *'touiist"  and  radio 
was  my  hobl)y.  At  least  tliDse  were  my  answers 
in  VQ9  land.  You  know  they  like  tourists 
down  there.  Oh  yes  this  is  one  of  the  few 
places  left  in  the  world  that  is  not  overrun 
with  tourists  and  tourist  traps  with  the  usual 
boosting  of  prices  to  take  in  the  tourists. 
Someone  told  me  the  ratio  of  ladies  to  men 
on  the  Seychelles  are  something  like  nine  to 
one— Thai's  a  very  high  SWR  and  it  does 
make  life  very  interesting  down  there,  I  tliink 
this  ratio  is  not  quite  true,  but  it's  still  pretty 
liigh- 

Their  only  town  is  Port  Victoria  with  that 
town  clock  that  strikes  twice  on  each  liour* 
The  entire  population  of  Mahe  is  about  40,000 
and  the  island  is  about  35  miles  long  and 
some  3%  miles  wide.  The  color  of  the  people 
are  anywhere  from  jet  black  to  l0(yz  white. 
There  is  no  predominating  color  there,  every- 
one there  lives  very  peacefully  with  every 
other  one.  No  one  seems  to  take  life  very 
seriously  there,  and  no  one  seemed  to  me  to 
be  working  very  hard.  They  aU  really  take  it 
easy  and  no  one  ever  seemed  to  be  in  a  hurry 
to  do  anything.  Every  morning  at  about  ten 
there  is  that  tea  break  and  of  course  at  four  in 
the  afternoon  I  hey  have  tlieir  tea  break  again. 
This  is  one  thing  that  eveiyone  does.  The 
stores  all  close  at  about  twelve  noon  and  open 
up  again  at  three- 
Port  Victoria  is  the  on!y  seaport  town  on  the 
island  and  this  is  where  all  the  ships  come  to. 
They  have  two  piers,  one  called  the  long  pier 
which  is  about  1,000  foot  long,  extending  out 
towards  the  deep  channel  where  the  big  boats 
anchor.  Along  this  pier  you  will  find  a  few  ship 
repair  shops,  Customs  and  immigration  ofliceSj 
and  also  the  turtle  pond  where  they  put  the 
live  turtles  they  bring  back  from  Aldabra 
Island,  They  keep  the  turtles  there  until  they 
are  sold.  Then  there  is  the  short  pier  which 
runs  parallel  with  the  long  pier,  it  extends  out 
about  500  feet  I  woidd  estimate  and  is  about 
500  feet  away  from  the  long  pier.  This  is  the 
pier  where  Harvey  keeps  his  boat,  and  others 
with  small  boats  anclior.  Haivey  and  I  walked 
over  to  the  short  pier  and  out  near  its  end  I 
saw  his  boat  at  anchor  in  the  same  place  it  was 
when  the  Kansas  City  boys  and  I  departed 
from  the  islands  about  two  years  from  the  date 
I  arrived  there, 

I  was  introduced  to  the  owner  of  the  small 
boat  that  was  to  carry  us  to  VQ7  land— a  fellow 


named  Jake.  The  boat  was  named  the  Lua 
Lua.  This  was  a  ver>'  fine  boat,  36  ft.  Itmg  and 
about  8  foot  wide,  made  out  of  Vm  inch  steel 
plate.  There  is  a  good  story  behind  tliis  boat 
and  its  owner,  Jake  and  his  family  had  been 
living  in  Northern  Rhodesia  for  a  number  of 
years,  just  across  the  border  from  the  Katanga 
province  of  the  Congo,  Jake  was  in  the  auto 
and  truck  body  business.  He  was  from  Austria 
and  had  been  down  in  Africa  a  long  time.  The 
Congo  ti'ouble  had  finally  spilled  out  of  the 
borders  of  the  Congo  and  a  number  of  houses 
very  near  their  little  town  had  been  bumed 
and  a  number  of  people  had  even  been  killed 
by  the  Congolese-  Apparently  they  did  not 
know  exactly  where  tlieir  border  stopped  or 
maybe  they  did  not  care.  Anyhow  Jake  and 
liis  family  decided  their  days  in  Africa  were 
numbered  and  thev  wanted  out.  He  found  a 
description  of  the  boat  in  some  magazine, 
maybe  Popular  Mechanics  or  something  like 
tliat.  He  had  lots  of  sheet  steel  on  hand  for 
building  truck  bodies  and  a  fully  equipped 
metal  shop,  and  he  had  the  will  to  undertake 
the  construction  of  the  boat  right  there  in 
Northern  Rhodesia  a  very  long  way  from  any 
ocean.  He  even  ordered  a  second  hand  sextant 
and  instructions  as  to  how  to  use  it.  Mind  von 
he  had  never  in  his  life  been  at  sea  before. 
After  about  six  months  of  hard  work  the  boat 
was  finished.  He  used  eveiy  inch  on  the  boat 
for  some  useful  puipose.  Practically  each  in- 
side wall  was  covered  with  metal  built  cab- 
inets to  hold  various  items.  The  diesel  fuel  tank 
was  built  in  and  the  fresh  water  tank  built  in. 
There  was  a  place  for  each  item  and  each  item 
was  in  its  place.  The  boat  was  hauled  by  trailer 
overland  from  northwestern  Northern  Rhodesia 
all  the  way  to  the  Indian  ocean,  placed  in  the 
water  and  Jake  by  himself  sailed  it  all  the  way 
to  the  Seychelles.  His  family  (wife  and  daugh- 
ter) went  by  ocean  liner  from  Mombasa. 
Maybe  they  did  not  trust  Jake  and  his  naviga- 
tion with  that  second  hand  sextant,  or  maybe 
they  did  not  trust  the  boat,  or  maybe  it  was  a 
case  of  not  trusting  both.  Well  here  was  Jake 
in  his  boat  in  VQ9  land  safe  and  sound.  The 
boat  was  basically  a  sail  boat  with  the  small 
diesel  engine  used  for  docking  purposes  mostly. 
The  mast  I  would  estimate  was  sometliing  hke 
60  foot  high  and  the  leaded  keel  was  very  deep 
also  to  compensate  for  that  extra  high  mast. 
The  boat  looked  good  to  me  and  T  was  very 
sorry  that  Lee  Bergren  W0AIW  and  the  boys 
fonu  Kansas  City  were  not  there  with  me  to 
look  it  over.  I  am  sure  they  yould  have  fallen 
in  love  with  the  httle  ship.  Everything  was  so 
ship-shape j  everything  freshly  painted,  the  en- 
gine purred  hke  a  kitten.  It  was  not  like  other 
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boats  I  had  seen  before  in  and  around  VQ9 
land,  not  by  a  long  shot.  The  nicest  part  of  it 
all  \^as  Jake  was  ready  to  go  when  I  arri\ed 
there. 

Alter  the  usual  preliiniiiaiies   and  customs 
were  attended  to,  the  owner  of  the  Aldabras 
consulted,  and  liis  letter  of  introduction  gi\  en 
me  we  were  ready  to  go.  Away  we  w^ent  dowTi 
to  *'Temolgees"  store  and  bought  all  the  sup- 
plie  we  would  need,  a  50  gallon  drxim  of  gaso- 
line, lots  of  Bully  Beef  I  think  Har\'ey*s  favor- 
it  food),  cans  of  soda  crackers,  plenty  of  tea, 
sugar^  canned  cream,  and  a  lot  of  other  items. 
Harvey  knows  what  you  will  need  and  he  did 
a  good  job  in  ehosing  the  right  amount  of  food, 
fuel,  etc.  A  11  of  this  took  about  three  days, 
during  this  time  I  checked  into  the  Hotel  de 
Seychelles  and  did  some  operating.  Tlie  bands 
as  usual  from  VQ9  kind  were  very  FB,  1  told 
the  fellows  that  Aldabra  would  soon  be  on  the 
air.  1  suppose  the  fellows  back  in  the  USA 
were  already  thinking  of  their  excuses  to  tell 
the  places  tliey  worked  at  why  they  would  not 
be  at  work  in  a  week  or  so. 

The  Hotel  de  Seychelles  is  one  of  tlie  nicest 
Hotels  in  VQ9.  It  consists  of  a  long  row  of 
thatched  huts  on  the  beach.  Each  thatched  hut 
is  a  hotel  room.  In  about  their  middle  is  a 
larger  thatched  hut  which  is  the  dining  room, 
reading  room,  and  recreation  get-together 
place  when  there  is  some  social  activity.  They 
gave  me  the  hut  on  the  very  end  after  I  ex- 
plain ud  to  them  that  I  would  be  ruiniing  my 
putt-putt  all  during  the  night  and  I  did  not 
want  to  keep  anyone  awake  with  its  noise.  This 
putt -putt  I  had  was  one  of  those  very  loud 
ones  with  a  very  small  muflFler  which  did  not 
do  to  much  muiHing.  Things  on  the  beach  in 
front  of  my  room  were  very  interesting,  es- 
pecially after  sundown.  On  the  nights  of  the 
full  moon  they  have  a  real  ball  on  the  beach 
there  with  a  lots  of  capers  going  on  practically 
all  night  all  up  and  down  the  beach  and  under 
the  palm  trees  that  lined  the  beach.  That 
beach  is  a  very  busy  place  on  these  full  muon 
nights.  There  are  very  few  recreational  activi- 
ties around  the  island  but  they  find  plenty  to  do 
after  sundowTi,  especially  on  full  moon  nights. 
Well  you  know  how  it  is  when  a  bunch  of  boys 
and  girls  get  together^  they  will  find  sometliing 
to  do.  If  there  is  any  chaperoning  down  there 
I  never  saw  or  heard  of  them.  Oh  yes^  the  rates 
of  the  hotel  when  I  was  down  there  was  only 
$22.00  per  week  and  this  included  room  and 
board.  The  food  is  very  fine,  and  no  one  ever 
complained  about  anything  there.  If  you  want 
to  go  on  a  very  fine  vacation  I  highly  recora* 
mend  that  you  go  to  the  Seychelles.  I  have  a 
lots  niore  to  tell  you  all  next  month-  .   .   -  Gus 
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ROHN  has  these  6  IMPORTANT  POINTS: 

Eo&e  of  Operati on— roller  guidt?M  between  sections  assure 
easy,  safe,  friction-free  raising  and  lowering.  Strenglh^ 
welded  tubular  steel  gectionB  overlap  3  feet  at  maxi- 
mum height  for  extra  sturdinegs  and  strength.  Unique 
ROHN  raising  procedure  raises  ofl  seclions  fogefher— uni< 
formly  with  an  equal  section  overlap  ai  olJ  heights! 
Versatility— designed  to  support  the  largest  antennae 
with  complete  safety  and  assurance  at  any  height  d««ir«di 
Simple  ii>vtcillotion— InBtall  it  yourself— use  either  iiat 
base  or  special  tilting  base  (ilJustrated  above)  depend- 
ing on  your  needs.  Rated  ond  Ttst*d»enttre  line  engi- 
neei^  so  you  can  get  exactly  the  fight  si^e  and  properly 
rated  tower  for  yaur  antenna.  The  ROHN  line  of  towers 
is  eompUie.  line  Golvonistcd- hot  dipped  galvatiizing  a 
standard— not  an  extra— \^ith  all  ROHN  towersf  Prices 
start  at  less  ihan  $100. 


SEND  FOR  ROHN  TOWER  HANDBOOK 

-$K25  Valye 

—ONLY  $  1  00   posl|>aid  (ft pedal  to  reariera 

of  thi^  magazine).  Nearest 
source  of  suppi v  sent  on  request.  Repre- 
sent attves  world-wide  to  serve  you.  Write 
today  to: 
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nVorid's  Largest  EXCLUSIVE  Manufacturer 
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BY  POPULAR  DEMAND— CLASSIC  SUBSCRIPTIONS  ADS  FROM  73: 

IMMEDIATE  OPENING 

We  have  an  immediate  opening  on  the  staff  of  73  Magazine  for  Scribers.  Our  present 
limited  office  space  and  facilities  limit  us  to  a  maximum  increase  over  our  present  staff  of 
about  10,000.  The  job  application  and  processing  fee  Is  only  $7,00.  Your  duties  as  an  Offi- 
cial Scriber  of  73  will  be  to  read  eacn  of  the  next  twenty-four  issues  carefully  and  then, 
armed  with  this  information,  loudly  defend  a  I!  attacks  of  73  Magazine  which  may  be  made 
at  local  club  meetings  or  over  the  air.  You  will  also  be  expected  to  spend  the  greater  por- 
tion of  your  spare  time  inducing  friends  and  chance  acquaintances  into  becoming  co-work- 
ers. Remuneration  for  this  position  will  depend  upon  the  enthusiasm  you  put  into  the  job. 
Those  of  you  who  are  by  nature  cautious  may  become  a  Sub-Scrlber  for  one  year  {twelve 
Issues  for  only  $4.00.  Please  fill  in  the  application  below* 
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□   $4.00   one   year 
Q   $7,00  two  years 
n   $10.00  three  years 
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D  $50  LIFE 

□  Renewal   (I  think) 

[3   New  subscription 
(I  think) 


73  iHafajihe 


Peterborough,  New  Hampshire  03458 


Bruce  Wolther  W9QAH 

ID  Key 

This  is  a  key  desfgned  for  use  on  front  panel 
key  jacks  to  either  tune  up  or  identify  on 
RTTY,  Construction  is  very  simple  and  uses 
parts  from  almost  any  funk  box* 

Obtain  an  old  suiplus  FL55  plug.  Remove 
the  cover  and  grind  off  the  ring  and  about  half 
of  the  bottom  shell  up  to  the  ground  screw. 

Find  an  old  telephone  relay  contact  about 
three  inches  long.  Drill  a  hole  at  one  end  to 
fit  the  tip  screw  on  the  jack.  Then  screw  the 
contact  in  place. 

Drill  out  the  old  ground  screw  tlireads  and 
tap  with  a  6/32  tap.  Then  thread  in  a  6/32 
screw  to  about  1/32  inch  from  the  contact 
fnstalled  above.  Cut  off  the  remaining  part  of 
the  screw  and  solder  to  the  shell.  Also  cut  the 
control   arniature   to   the   desired  length   and 


place  several  wrappings  of  tape  on  the  end 
as  a  knub. 

Now  cut  a  half  inch  slot  in  the  co\^er  as 
shown.  Place  the  cover  on  the  plug  and  align 
the  slot  on  the  right  with  contact  arm  at  me. 

And  there  you  have  a  real  space  saver  for 
the  nO'CW  operator  to  load  or  ID  with.  All 
you  ha\*c  to  do  to  lock  it  up  is  shove  the  con- 
tact armature  to  the  right  into  the  slot, 

,   ,    .  W9QAH 


Fig.  L  The  ID  key. 
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Souping  Up  the  Heath  Twoer 

Anyone  who  has  ever  j^nrchased  a  Heath 
Twoer  knows  that  it  is  a  very  good  buy  for 
the  money.  It  has  enough  power  for  local  con- 
tacts with  the  average  antenna,  as  well  as 
plenty  of  audio  to  fill  the  carrier.  This  article 
will  show  how  to  convert  a  good  rig  into  a 
better  one, 

A  stock  set  has  approximately  25  ma  at  200 
volts  going  into  the  6BAS  final,  Tliis  can 
be  increased  to  7.5  watts  with  audio  to  match 
by  simply  changing  a  few  resistors  and  capaci* 
tors.  Unfortunately,  this  exceeds  the  dissipa- 
tion of  the  final  tube,  but  the  6BA8  seems  to 
stand  it.  The  difference  in  output  is  about  2 
db,  just  discern  able. 

Start  witli  the  power  supply*  The  330  ohm 
2  watt  resistor  R14  should  be  decreased  to 
270  ohms.  You  can  add  another  electrolytic 
in  parallel  with  C33A  (40  lif)  if  you  wisli^ 
but  the  extra  filtering  doesn't  seem  to  be  really 
necessary. 

Next  is  the  finals  V4B.  Decreasing  the  value 
of  tlie  screen  resistor  (R7)  will  give  more 
power  input.  T  found  that  1000  ohms  gave 
7.5  watts  input. 

Now  in  the  audio  section,  replace  R23 
(270^000  ohms)  connected  to  pin  7  of  VIA 
with  a  27,000  ohm  resistor.  Also  replace  C35 
(.01  Mf)  going  from  pin  6  of  the  12AX7  (VI) 
to  pin  1  of  the  6AQ5  modulator  (V2)  with 
a  .001  uf  capacitor. 

This  completes  the  modifications  and  now 
a  very  slight  touch  up  should  be  given  the 
rig-  As  a  last  comment,  I  would  suggest  re- 
placing the  6BA8  (V4)  with  a  6AUiS--it  seems 
to  handle  the  extra  power  a  little  better. 

.    .    .   WB2J0S 

Ear  Saver 

Inexpensive  magnetic  headphones  have 
been  on  the  market  for  years;  but  not  dirt 
cheap  ear  cushions.  Dozens  of  suggestions 
have  appeared  in  just  abonl  every  electronics 
magazine.  However,  a  simple  and  dirt  cheap 
solution  has  been  found.  For  about  two  bits^ 
vou  can  make  vour  phones  feel  like  the  stereo- 
phones  being  sold  for  $25.00. 

A  trip  to  your  local  drug  store  will  reveal 
that  a  pair  of  milady's  '^powder  puffs"  solve 
the  problem  easily.  These  "puffs"  are  used  as 
replacements  for  lady's  compacts,  hut  they  do 
a  better  Job  on  your  ears.  Just  cut  a  small  liole 
in  the  middle  nf  each  "puff,"  glue  them  on 
the  phones,  and  you*re  in  business. 

This  kink  lias  been  in  use  here  for  more 
than  a  vear  and  no  earaches  have  been  en- 
countered- 

•    .    *   D,  Hausman 
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S.W.R.  BRIDGE  and 
FIELD  STRENGTH  METER 


Allow  50C  for 
pacleifig  and 
shipping, 
Calfforriia  resi* 
dents  tncJude 
AJa  sales  fax. 


THI  BEST 
VALUE  WE 

HAVE 

EVER 
OPPEREDI 


An  excellent  combinatton  unit  for  either  home 
stalion  or  mobHe  use  , , .  as  an  dccurate  Standing 

Wave  Bridge  and  a  sensitive  Field  Strength 
Meter.  52  ohm  impedance.  Will  take  a  full  kilo- 
wdtt  and  can  remain  in  the  tine  all  of  the  time. 

Grey  metal  case,  5Va"  H  x  n/4"W  x  2Va"  % 
with  standard  finings,  1%"  Bright-vue  metefi 
and  detachable,  telescoping  antenna  which  ex- 
tends to  10%".  With  instructions  and  schematrc. 


QUEMENT 
ELECTRONICS 

1000  SOUTH  BASCOM         SAN  JOSE,  CALIFORNIA 

"Northern  CalHomia's  Most  CoMpi«t«  Ham  StOf«" 

SINCE  1933 
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NEW    PRODUCTS 

New  Sams  Books 

Sams  has  been  busy  publisljing  new  books 
again  and  here's  a  quick  ruo-down  on  a  few 
of  them:  John  Lenk's  Efiminatrng  Engine  In- 
terference  has  128  pages  and  costs  $2,50.  The 
title  is  pretty  self-explanatory.  Ba^'iic  P'  »- 
elect ricity  by  John  Potter  Shieldsj  covers  tliis 
more-and-more  important  field  that  furnishes 
many  industrial  transducers  as  well  as  the 
common  "crystar  mikes,  lieadphones  and 
phonograph  pick-ups.  lt*s  also  128  pages  and 
$2.50/  Color  rV  Troubles  Clues,  Volume  11 
by  the  PF  Reporter  Staff  is  $1*95.  Electronic 
Corrosion  Control  for  Boats  hi  b>  John  Lenk 
and  also  ct)sts  $1,95,  A  very  simple,  easy-to- 
vmderstand  book  for  newcomers  to  radio  is 
ABC/s  of  Modern  Radio  by  Walter  Salm.  It*s 
been  newly  revised  by  the  author  and  costs 
$1.95.  All  of  these  books  are  available  frt)m 
vour  local  distributor  or  from  Howard  Sams 
Co.>  4300  W^est  62nd  Street,  Indianapolis^  In- 
diana, 

Communications  Electronics  Circuits 

An  excellent  new  textbook  fur  elecixonics 
tecTinicians  has  just  been  published  (3/14) 
by  Holl^  Riiiehart  and  Winston.  It's  Commtiui- 
catio7is  Electronics  Circuits  by  J.  J,  DeFrance* 
But  don't  let  that  "textbook"  scare  you.  It*s  one 
of  the  best  books  for  learning  electronics  IVe 
seen.  It's  modern  and  up-to-date,  explains  tlie 
material  very  well^  and  gives  excellent  review 
questions  for  the  reader*s  guidance  in  checkinGj 
himself.  This  book  is  umisualiy  good  for  hams 
who  want  to  learn  more  electronics,  whether 
for  getting  an  extra  class  license  or  commercial 
license,  or  just  for  their  own  knowledge,  since 
it  covers  many  topics  that  are  passed  over 
lightly  by  most  other  eelctronics  books:  SSB, 
antennas,  transmission  lines,  propagation,  etc. 
It  also  integiates  semiconductors  into  tlie  dis- 
cussion of  circuits  so  tliat  they  aren^t  suddenly 
thrown  at  you  in  a  last  minute  addition.  Nec- 
essary and  important  design  and  illustrative 
math  is  included,  but  not  too  many  derivations 
of  formulas— so  beloved  by  mathematicians  and 
confusing  to  technical  students.  All  in  aU^  it's 
an  excellent  book  and  higlily  recommended. 
550  pages,  $9,50.  Holt,  Rinehart  and  Winston, 
383  Madison  Avenue,  New  York,  RY.  10017, 


Fair  Radio  Catalog 

The  new  Fak  Radio  Spring  and  Summer 
Catalog  contains  28  well-illustrated  pages 
chock  full  of  fascinating  surplus  bargains.  Each 
page  contains  many  items  and  virtually  all 
are  illustrated.  They  have  a  very  large  as- 
sortment of  motors,  transformers,  and  meters 
as  weB  as  many,  many  pieces  of  communica- 
tions, test  and  other  electronic  equipment. 
This  catak>g  is  a  must  for  any  hams  who  aren't 
AO*s.  Send  25*:*  for  it  (well  worth  the  small 
price)  and  they^U  refund  50<J  on  your  first  or- 
der. Wiite  Dept,  73,  Fair  Radio  Sales,  P.O. 
Box  1105,  Lima,  Ohio  45802. 

Motorola  Circuits  Manual 

A  useful  liaiidbook  pul  out  by  Motorola  is 
iheir  Semiconductor  Circuits  Manual  for  $2. 
Its  main  interest  is  power  circtnts:  motor  con- 
trols, inverters,  power  supplier  and  regulators, 
SCR  switching  controls,  lamjp  controls,  solid 
state  ignition  systems,  etc.  Many  of  these  are 
very  useful  to  hams  and  used  by  them  every 
time  they  turn  on  their  mobile  rig  or  experi- 
ment with  transistors.  But  probably  tlie  most 
interesting  part  of  the  book  to  most  hams  is 
the  long  section  on  transmitters.  Theory  and 
specs,  including  coil  data  and  design  ct)nsider- 
ations  are  given  for  marine  band  xmtis  (good 
for  160  aiid  80),  CB  (for  10),  30  mc  SSB, 
76  mc,  120  mc  (AM),  2  watts  on  160  mc,  5 
watts  and  8  watts  on  -iJ  mc.  Binding  is 
Motorola  handbook's  standard^  eas>^-to-use 
looseleaf*  Your  Motorola  distributor  has  copies, 
or  you  can  order  from  Motorola  TIC,  Box 
955,  Phoenix,  Arizona  8500 L 


Motorola  Application  Note  Index 

The  new  Motorola  Application  note  Iridex 
(April  1966)  lists  all  of  the  current  Motorola 
application  notes  with  a  small  abstract  of  each, 
A  fantastic  number  are  of  interest  to  hams 
(and  engineers,  of  course)  such  as  Designing 
Low  Noise  RF  Input  Transistor  Stages,  Low 
Cost  Power  Inverters  (DC-to-DC)  Using  Off- 
the-Shelf  Components,  Higli  Power  Varactor 
Theory  and  Application,  Transistors  in  SSB 
Amplifiers,  Solid  State  Marine  Xmtrs^,  Coax 
Cavity  A'aractor  Multipliers,  High  Power  RF 
Switcliing  Can  Replace  Coax  Relays,  40  watt 
Solid  State  Xmtr  for  6,  5  watts  on  3  GHz  with 
Varactors,  Epicap  Tuning  Theory,  FET's  in 
Theory  and  Practice,  15  watts  on  2  and  many 
more.  Write  Motorola  TIC,  Box  955,  Phoenix, 
Arizona  85001  for  your  copy  of  the  index. 
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Parks  Solid  State  432  Converter 

Loren  Parks  K7AAD  makes  some  of  the 
nicest  \^F  and  UHF  gear  around  and  is  well- 
known  b\^  aU  MiF'ers  for  liis  gear  and  his 
little  magazine,  the  VHrer.  He  and  W6HFH 
have  recently  come  up  with  a  new  432  MHz 
c'unvei'ter  that  is  all  solid  state.  It  uses  the 
fabulous  Tl  TIXM05  transistors  (see  ApriJ 
i  e)  fnr  extremelv  low  noise  figure  and  high 
gauK  Tuned  liiico  in  the  cx>nverter  are  all 
s'i I ver-p lilted  and  all  components  and  construe* 
tiun  are  of  Parks'  usual  Iiigli  quality.  Each 
converter  is  individually  checked  for  noise 
figure,  too.  He  makes  tliem  in  many  ifs  and 
die  price  is  right;  $49,95,  postpaid.  You  can 
order  from  him  at  Parks  Laos.  Rt.  2,  Box  35. 
lieaverton,  Oregon. 
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Economy  Tl  Semiconductors 

Texas  hislnmients  has  recently  introduced  a 
wide  range  of  new  economy,  plastic-encased 
semiconductors.  Among  them  are  the  indus- 
try's first  plastic-encased  luiijunction  transiijtur, 
the  TIS43  with  very  low  leakage  and  a  very 
low  price-'72^  in  100-quantities,  Another  is 
the  TIS34,  N-cIiannel  \1IF  field  effect  tran- 
sistor (see  the  May  issue  of  73,  page  12)  with 
low  feedback  capacitance,  high  transconduct- 
ance,  high  figure  of  merit  and  low  cross  modu- 
lation. Oilier  interesting  ones  are  a  number  of 
regular  transistors  such  as  the  NPN  2N4254-5 
for  VHF  and  HI^  amplifiers,  and  the  low-cost 
TIXMIO  and  11  for  rf  amplifiers,  mixers,  os- 
cillators and  if  amplifiers.  You  can  get  more 
inforaiation  from  Tl  distributors  or  Texas  In- 
stnmients,  P.O,  Box  5012,  Dallas,  Texas. 


DOW 
KEY 


COAXIAL 


RELAYS 


OUR  SPECIALTY  .  .  .  Your  No.  1  source 
for  standard  and  special  application  units. 


DK60  SERIES 

HEAVY    DUTY   SPOT 
COAXIAL  RILAYS 


DK«Q    SERIES,   AC   or   DC 

UHF   connector*  ^™. 


DK2-60  SERIES 


A   DPDT  SWITCH 
fcit  SWITCHING  2 
COAXIAL    LIKES 

StMULTAHEOUSLY 


4 


With     UHF    COAXIAL    CONNEC- 
TORS   ..*«. -*^ — ,, 


DK2-60B  SERIES 


A   DPDT  SWITCH 
INTfRNALLY   CON- 
NECTED IN  Df- 
ENERGIZED  POSITION 


Available    in    all    standard    AC. 
DC  voltage*!"   _. ^-. 


DK77  SERIES 

MINATURE.   LOW  COST 

50   ohm   SPDT 

COAXIAL    RELAYS 


DK  77  relnys  availfihle  i%lth  phono* 
TNC  and  BMC  coaxial  coniiGctora — 


DK72  SERIES 

1P3T  COAXIAL  RELAY  FOR 
REMOTE  SWITCHING  of  r.f, 

SOURCES 


WITH   UHF   C0NMECTOR9 


DK78   SERIES 

NEW  MANUAL  COAXIAL 

SWITCHES 
(Not  Wafer  Switches > 


AvalUblel      1P2T,     SPST.     1P6T 
onii    cross ovef   switch   ^,. ^ 


avmlUble    «t    >our    [iii.tributor   or    v.Tit£; 

DOVtf-KEY 

Ttiief  Rtver  Falls,  Minnesota 
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TRI-BAND 

QUAD  ANTENNAS 

At  last  .   .  «   &  quid  an- 

lei]Da  Lliat  will  ri>alj>'  Btiiy 
up  in  the  air.  ISiiL  &  in- 
band,  but  lu^timlly  ihtve 
atituiiuas  liL  one,  Eurli 
band  Uaii  u  »|j£Lclng  uf 
0.15  atid  an  input  bn- 
lie  dance  of  52  olimu.  There- 
fore wlieii  fed  with  a 
siiigla  RG-8/U  coaxial 
f€«dliiie,  the  8WE  Is  1.5 
to  1  or  less  on  aU  bands. 
It  recfuires  no  loading 
coils,  no  balims.  and  will 
biuidle  &  mil  2  KW  PEP. 
This  quad  hiui  a  fonrafd 
cam  of  8  dbi  a  front  tj) 
badt  ratio  of  25  db  md 
a  front  to  side  ratio  of  50  db.  Flurslcallj  tMs  cpud  js  17^ 
feet  long,  bm  a  turning  radius  of  les  Ibm  nine  feet  yet  weighs 
ofily  21  poimds.  Tbe  liebtiPfright  eonitnictioa  of  fiberglass  rod 
and  iJiifiiiniim  tubing  i^  estreruelf  ^rnng  but  at  the  same  time 
permits  the  uw  of  a  low  cost  TV  rotalor.  Id  fact,  an  antennJk 
of  this  iTpe  has  been  up  for  3^4  I&afs  at  my  QTH  and  slJiyed 
up   In  65   mph  winds  with   a  simulated   Ice  load   of   20   pounds. 

These  tii-band  rjuad  antennas  come  complete  with  all  fibergl3i?5<i 
Jind  aluminum  spiders^  #14  aralenna  wire,  250  pound  teat  nylon 
guys,  oil  assembly  hiLfclw^ire  a.nd  compk'te  assembly  and  titiitni; 
iiiiitructions.    Shipping   weight — 23   pomuls.    fFor   pictures   of   lluj 

quad  at  mf  q'm  asQ  page  91  of  tbe  April  T3) ,%99S5 

For  mounting  rotors  down  inside  ttie  tower,  a  1^  inch  diiimeter 
sii  foot  bng  aluiijlnujn  tube  is  avaiUble  for  an  additional  $2.50 

Illinois  res^dent  add  loc<J  silet  tax. 

MACO  PRODUCTS 

915    E.   CofAeil   Ave.,   Sprineield,    IIU   52703 
Phone   (217)   544*5^1 


ERL  PRESENTS  A  NEW  CONCEPT 
IN  SIX  METER  TRANSMITTERS 


THE  EXCELLO  EX20 


6  METER  TRANSMITTER 


$49.95 

NfT  TO  AMATEURS 
SEE  YOUR   DEALER 


for 

•  Mobile 

•  Fixed 

•  Emergency 

•  AWotion 

FEATURES 

Meter  Indicotor  for  monitoring  final  tuning,  grid  drive, 
moduiation  •  Alt  tuning  controls  on  the  front  panel  # 
Accessible  components  in  the  removable  enclosure  9  TVI 
suppression  through  shfelding  and  design  •  Compoct  sh^ 
of  5x6x7"'  •  Low  power  consumptron  of  250-300  V  at  75 
ma  •  Uses  low  cost  8  mc  crystal  •  Silk  screened  panel 
•    18  wotts  output. 

EXCELTRONfCS  RESEARCH  LABS 

102-39  184fh   Street  HoHis,  N.Y,  11423 


- 


ERL 


(Cotitinued  from  page  2) 
emments  so  that  an  official  complaint  can  be 
sent  through  cliajiiiels.  The  more  countries  we 
get  involved  in  tliis  hnsiness  the  better  chance 
ot  it  being  efFective,  obviously.  Tlie  ARKL 
and  RSCR  have  been  working  along  tliis  hue 
and  liave  been  achieving  *^ome  re??n]ts  with  it 
It  would  be  nice  if  we  troitld  oi'ganize  some- 
thing a  little  more  worldly  than  tins  and  try 
to  have  complaints  filed  Irum  a  dozen  or  two 
countries.  Perhaps  some  amateur  with  a  good 
signal  and  the  time  to  devote  to  such  a  proj- 
ect could  establisli  a  net  frequency  and  time 
for  intruder  watching  and  thus  international 
coordiuatiou  might  result  Something  on  the 
order  of  the  YL  SSB  "net"  on  14,331  is  what 
I  have  in  mind  ,  .  .  only  without  all  that 
phone  pal  chin  g. 

Although  intentional  lamminE  of  signals  is 
.gainst  the  .egulations  ju.t  about  everywhere 
there  are  a  growing  numlier  of  amateurs  who 
are  organizing  this  type  of  intruder  defense. 
This  certainly  is  a  move  to  be  considered  even 
if  it  must  remain  sub  rosa  and  might  be  a 
natural  development  *jf  the  above  suggested 
net  Fortunately  our  work  on  20  meters  is  not 
all  that  difficult  for  we  have  but  a  few  in- 
truders there  most  of  the  time.  On  the  lower 
bands  we  have  a  formidable  task. 

Willie  RTTY  stations  may  be  diffieult  to 
identify  for  us,  even  for  those  with  ham  RTTY 
gear,  we  do  know  that  a  well  placed  CW 
signal  on  eidier  of  the  FSK  channels  can,  if 
it  overrides  the  intruder  now  and  then  on  se- 
lective fades,  cause  misprinting.  Most  RTTY 
stations  cannot  abide  misprinting  on  these  eir- 
cuits  and  will  obligingly  move  to  a  clearer 
channel  .  ,  ,  hopefully  outside  our  amateur 
bauds. 

Short  wave  broadcast  stations  are  a  bit 
harder  to  cope  with.  Here  we  may  find  that 
we  will  get  beter  results  through  correspond- 
ence with  the  broadcasters  diiect.  I  doubt  if 
angry  letters  asking  [liem  to  move  will  get 
more  than  chuckles,  but  sincere  letters  from 
SWLs  asking  them  tu  move  out  from  under 
all  that  amateur  radio  interference  so  they  can 
better  hear  the  mteresting  programs  they  are 
broadcasting  might  do  the  trick.  The  tourist 
agencies  are  also  sensitive  to  pressure  from 
tliat  great  benefactor:  the  .American  tourist. 

While  some  of  the  commercial  stations  op- 
erating in  the  lower  bands  in  Europe  and 
Asia  may  be  legitimate,  we  here  in  the  U.S, 
have  no  mandate  to  protect  them  from  inter- 
ference, We  may  transmit  as  we  like  without 
worrying  that  we  may  be  causing  interference 
to  a  legitimate  user  of  these  frequencies  and 
thus  cause  him  to  seek  less  crowded  regions. 
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Tlie  only  good  reason  that  intruders  are 
using  our  bands  is  that  we  are  leaving  space 
for  them.  There  are  plenty  of  other  spots  for 
th'^m  to  up  crate  if  we  nudge.  Let*s  encourage 
them  to  find  them. 

ITU— Africa 

Those  of  you  who  have  been  active  on  our 
DX  ban<ls  T<now  that  tliere  is  virtually  no 
African  amateur  radio  activity  other  than  by 
whites,  visiting  or  residential.  Since  the  coun- 
tries are  being  taken  over  by  blacks  it  is  un- 
likely that  a  wliite  activity  \\  ill  rate  much  pro- 
tection from  the  new  governments. 

Certainly  we  must  do  something  to  get 
some  support  for  amateur  radio  from  these 
new  nations.  For  that  matter,  it  mav  actually 
be  easier  to  get  support  from  these  countries 
than  from  the  European  coimtries  where  ama- 
teur radio  seems  to  have  a  ratlicr  minimal 
support.  Not  that  we  are  doing  any  better  in 
tlie  U.S.  One  of  the  basic  reasons  that  I 
founded  the  Institute  of  Amateur  Radio  was 
to  work  toward  getting  the  support  of  our 
Congress  so  that  at  futiue  ITU  conferences  we 
would  know  that  at  least  the  U*S.  government 
was  soHdIy  behind  \is.  In  1959  I  uas  flabber- 
gasted to  find  that  we  did  not  have  this  sup- 
port. The  U.S*  delegation  lias  by  far  the  most 
influence  at  this  conference  and  if  we  don't 
have  it  supporting  and  protecting  us  to  the 
best  of  its  abihly  we  might  as  well  start  work 
on  those  moon  bounce  cHshes  right  now,  I 
have  been  qmle  disappointed,  thougli  not  sur- 
prised, at  the  bitter  opposition  the  League 
has  shown  the  Institute  even  though  the  In- 
stitute is  organized  lo  carry  on  work  that  the 
League   has   so   far   avoided. 

To  be  blunt  about  the  African  problem:  we 
don't  know  what  to  do  there.  It  would  be  val- 
uable to  someliow  set  up  some  amatein*  radio 
stations  there  and  train  some  locals  to  operate 
them  and  start  them  on  the  path  iu  becoming 
devoted  amateurs,  Unforttmately  there  are 
many  obstacles.  We  do  have  a  good  idea  that 
we  can  arouse  some  interest  in  amateur  radio 
by  the  time  tested  method  of  PR  with  articles 
in  tlie  local  papers.  It  is  possible  that  a  do- 
nated club  station  plus  a  few  newspaper  arti- 
cles might  get  things  started  if  we  had  our 
own  little  Peace  Coips  operation  with  a  team 
of  two  or  tliree  amateurs  spending  several 
months  on  the  project.  ITow^ever,  before  we  go 
plunging  into  something  like  this  I  think  it 
\\oiild  be  valual)le  to  send  a  man  or  two  down 
there  on  a  fact  finding  tour  to  see  first  hand 
what  the  problems  are  and  wliat  kind  of  re- 
ception we  might  get  there  to  such  an  effort. 

Did  I  hear  someone  asking  how  much  all 
this  is  going  to  cost?  There  are  always  uega- 
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ACTUAL  SIZE 


ODEL  MT-2 


MULTI-METER 

$12.95 
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QUEMENT 
ELECTRONICS 

1000  SOUTH  BASCOM        SAN  JOSE,  CALIFORNIA 
"Northern  California's  Most  Cempreta  Ham  Store" 


SINCE  1933 
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•  Great  Circle  Bearings     •  "Q"  and  "Z"  Sienals 

•  Great  Circle  Charts        •  World  Time  Cfiart 

•  Prefiies  by  Countries     •  Int'l  Postal  Rates 

United  States  Listings... $5.00 
DX  Listings 325 

See  yow  favorite  dealer  or  order  direct  (add  25t  -for  mailing) 


RADIO  AMATEURS  REFERENCE  LIBRARY 
OF  MAPS -ORDER  YOUR  SET  TODAY! 


,1 1.  lii-^iftiii 


I  i  I  =  ■ 

;  ' .  ■  ' 
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WORLD  PREFtX  MftP— Full  color.  42"  x 
29"  shows  prefixes  oti  eacti  country  .  . . 
DX  iones.  time  zones,  cities,  cross  refer- 
enced tables  P0^»P3«1  *'-^** 

RADIO  ftMHTEURS  GREAT  CIRCU  CHART 
OF  THE  WORLD -from  the  center  of  the 
United  States!  Full  color,  29"  x  25  , 
list  ne  Great  Circle  bearings  rn  degrees 
or  sfx  major  U.S.  cities;  Boston,  Wash- 
ington DC.,  Miami,  Seattle,  San  Fran- 
cisco &  Los  Angeles.        j^^^jp3j^^,.oo 

UNITED  STATES  MAP— All  50  States  with 
call  areas,  prefixes,  DX  and  time  zones 
FCC    frequency    allocation    chart,    kius 
interesting  information  on  ail  50  States, 
full  color,  29"  X  17" postpaid  SOj: 

WORLD  ATLAS— Only  Atlas  compiled  (or 
amateurs.  Polar  projection,  six  conti- 
nents, prefixes  on  each  country  •  •  •  '"^ 
color,  16  pages... ..... ........postpaid  »l-™ 

complete  reference  library  of  "af-^^J 
of  4  as  listed  abowe postpaid  $2.50 

See  yeur  favorite  dealer  or  order  direct. 
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Dept.  B,  4844  W.  Fullerton  Ave, 

Chicago,  111.  60639 1 
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the  thiiikcrii  who  try  to  spoil  tlte  fun.  Thin- 
^Ijcvuld  cut  it  out  I  don't  think  financing  of 
this  would  Ije  difficult  at  alL  hi  preh'minaiy 
talks  with  a  few  of  the  aiiiateuns  in  the  U.S. 
that  I  know  to  be  really  serionsly  interested 
in  lielping  to  keep  amateur  radio  going  1  had 
offers  of  large  aniounts  of  money  and  all  the 
ef(nipment  we  could  possibly  use-  I  think  we 
MMild  round  up  $50,000  easily  and  ma>l)e 
even  t^vice  that  without  even  asking  for  a  dol- 
lar of  that  lOOG  the  League  earmarked  for 
just  such  projects,  but  seems  reluctant  to 
a(::luanv  f^pt^nd. 

Tht^re  \s  a  possibility  lliat  our  little  sclierne 
tonlrl  lie  coordinated  with  the  existing  Peace 
Corps,  hut  I'm  not  sure  that  things  might  go 
smoother  if  we  made  every  effort  to  include 
Siuropean  and  Asian  amateurs  in  the  task 
force  and  soft  pedalled  ourselves.  We  seem  to 
liave  gotli  i»  a  bit  of  a  reputation  and  people 
often  want  to  see  what  we  have  in  tlie  other 
liand  when  we  are  ^'giving*'   them  something. 

One  of  the  projects  that  I  had  hoped  the 
histitLite  would  be  able  to  tackle  was  the  sell- 
iriK  of  tlie  virtues  of  amatein*  radio  to  the 
European  countries.  Though  amateur  radio  is 
an  old  stor>^  in  those  countries  I  believe  that 
we  have  had  as  little  PR  there  as  we  ha\  e  in 
Hie  U.S.  and  thus  have  the  same  lack  of  sup- 
port we  find  at  home.  Unfortunately  the  In- 
stitute is  growing  much  too  slowly  for  me  to 
look  for  any  help  fiom  tin's  quarter  in  the  For- 
seeable  future. 

The  major  question  is:  what  dcj  we  do  next? 
I  don't  feel  that  it  is  my  place  to  elect  myself 
a  committee  of  one  to  start  alJ  this  going.  Ami 
other  than  myself  what  do  we  have  in  the 
^v  ay  of  intemaHonal  organization?  The  lARU 
as  hopelessly  tied  to  the  ARRL  apron 
strings  and  ham  strung  as  a  result.  They  are 
bogRcd  down  in  a  morass  of  official  inertia. 
Tlie  ARRL  is  on  top  and  even  if  Region  I  of 
tho  Union  wanted  to  break  away  and  start 
scnnething  going,  they  would  proliably  all  be 
eyehig  each  other  suspiciously  to  see  who  was 
trying  to  take  advantage  of  the  move.  It 
\vould  be  a  great  step  ahead  if  the  presidents 
of  the  amateur  radio  sot^ieties  (*f  the  world 
could  get  together  in  Geneva  st  veial  times  a 
year  for  a  top  level  amateur  radio  summit  con- 
IcK  nee  behind  closed  doors  and  have  the 
supnnrt  of  their  organizations  to  make  deci- 
h  .  !> Ending  at  these  meetings.  1  think  that 
such  an  arrangement  might  make  it  possible 
to  save  ham  radio. 

\V2XSD/S  N  I/OHp  /  0H2 

Having  heard  considerable  about  the  bean- 

(v  of  Sweden's  girls,  country  and  sociahsm,  I 
thought  that  Td  better  check  it  all  for  mvself. 
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The  amalenis  in  Slockliolrn  were  very  lios- 
pilable  wht^ii  1  anived  this  spring,  Arne 
SMaAM  and  Beo  SM5LK  saw  to  it  that  1  got 
to  visit  many  of  the  active  amateurs  in  the 
area.  Those  that  I  didn't  visit  (and  most  of 
tlaose  I  did)  turned  out  for  a  meeting  at  tlie 
Technical  Museum  where  we  ate  sandwiches, 
drank  beer  and  listened  to  me  talk  far  into 
the  night, 

la  addition  to  the  ham  radio  side  of  my 
visit  I  did  check  into  the  tliree  topics  first 
mentioned.  Just  before  the  end  of  my  stay  iji 
Stockholm  (t^vo  weeks),  when  I  tliought  thai 
1  was  going  to  manage  to  get  away  without 
ever  meeting  one  single  girl,  I  found  myself 
haA^g  dinner  with  Peter  SM5CZM,  his  at- 
tractive wife  and  a  girl  friend  of  hers.  The 
girl,  Eva,  was  a  good  looking  blond,  though 
I  must  admit  that  1  was  just  sliglitly  j)ut  oil 
by  the  enormous  Gemian  Shepherd  Dog  that 
guarded  her.  Every  time  I  tliought  of  making 
a  pass  at  her  he  growled,  Hmmm,  She  didn't 
really  need  him  though  for  1  fomid  that  this 
lovely  should  have  been  on  What's  My  Line, 
She  gently  rippled  her  muscles  as  she  ex- 
plained  tl lat  she  drives  one  of  those  gigantic 
trucks  thai  they  have  only  in  Europe  ,  .  . 
you  know,  the  ones  with  tlie  huge  trailer 
hooked  on  beliind.  Anybody  that  can  Iit^ft  one 
of  those  aromid  could  break  me  in  two  ,  ,  . 
1  think,  I  didn't  check. 

The  Swedes  vigorously  deny  all  those  de- 
Hghtful  mmors  we  have  heard  in  the  States 
about  their  girls.  Unfortunately,  after  an  ad- 
mittedly short  visit,  I  tend  to  believe  tht^ 
Swedes  more  than  tlie  smart  PR  men  \\  lio  have 
built  the  interesting  Swedish  girl  image  for 
us.  Alas,  ariother  dream  shut  down, 

WTienever  we  get  to  grumbling  too  niucii 
about  the  creep  of  socialism  in  the  states  we 
are  answered  that  it  works  just  fine  In  Sweden 
so  stop  complaining,  TeU  that  to  tlie  Swedes. 
1  didiTt  find  one  single  Swede  that  liked  tlie 
system.  They  are  very  vocal  (jm  tlie  subject. 
All  in  all  thtk  country  is  very  much  like  tlie 
U.S.  It  is  much  more  like  it  than  any  other 
country  I  have  visited.  Their  salaries  are  quite 
comparable  to  ours  and  their  costs  of  food 
and  other  tilings  aren't  all  that  different*  The 
only  major  difference  Is  that  they  have  to  pay 
almost  double  the  taxes  we  do.  I  suspect  that 
our  administration  is  aware  of  this  and  may 
be  using  the  Swedish  nonn  as  a  goal  for  us. 
This  does  limit  the  possibility  for  outstanding 
success  ill  Sweden  and  I  found  most  of  the 
people  a  lot  more  concenied  with  their  sum- 
mer liouses  than  how  to  make  an  extra  crown 
or  two. 

Arne  went  with  me  for  a  short  trip  up  to 
Aland  Islands  to  \isit  the  OH0  gang.  He  had 
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been  wanting  to  make  tlie  trip  for  a  long  time 
and  this  was  the  excnsc  he  was  waiting  for, 
1  had  bought  a  Volvo  so  we  drove  in  it  up  to 
a  small  town  60  miles  or  so  north  of  Stock- 
holm to  get  the  boat  to  Aland  The  boat  left 
kite  at  niglit  and  arri\^ed  bright  and  raily  at 
4:30  AM,  just  as  tliu  ^un  was  rially  getting 
going  for  tlie  day.  Despite  the  grim  hour  of 
arrival   we  were   met  by  Sigge   OH0NI   and 
driven  the  20  miles  to  Marieham  (town)*  After 
a  short  nap  we  got  up  and  had  an  enonnoiis 
breakfast.  We  tlien  diove  out  into  the  country 
and  visited  OH0NF,  one  of  the  most  active 
amateurs  in  Aland,  We  talked,  took  some  pic- 
tures  and   wcTe    served   coffee    and    cake   by 
XYL,  It  was  delicious,  but  a  little  close  onto 
breakfast  They  had  some  special  Aland  Island 
cake  tlmt  I  had  to  try.  After  a  short  visit  with 
OII0NJ  and  NC  we  retmiied  to  NFs  for  a 
truly   magnificent    lunch*    Urp.    Just    when    I 
thought  I  had  outdone  myself  they  came  up 
with  special  Aland  Island  Ijrcw  which  I  liad 
to  try.  In\  ented  by  the  vikings^  I  beUeve  .   .    * 
and  excellent  .    .    -  urp.  OK>  time  to  go  over 
to  visit  Sam  NC  and  talk  with  all  the  active 
OH0  gang  which  was  gathered  there,  I  talked 
for  about  an  liour  and  tlien  we  had  coffee  and 
cake.  There  was  just  time  to  drive  out  to  the 
boat  landing  and  wave  goodbye*  A  short  while 
after   the   boat   had    shoved    ofT   for    Sweden 
Arne  grabbed  my  arm  and  lead  me  into  the 
restaurant.  T  protested  that  I  was  too  full,  but 
he  said  it  would  only  be  a  snack.  He  didn't 
commimicate    tliis    loo    well    to   the    waitress 
tiiough  for  she  came  in  with  a  huge  plate  of 
food.    It  looked  like  someone  with  big  eyes 
had  gone  by  a  smorgasbord  table.  It  took  me 
quite  a  while  to  down  it  all^  but  somehow^  I 
managed.  Then  she  brought  the  main  course. 


-  — '- 
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A  nice  gang  turned  out  to  welcome  me  in 
Norrkopping  and  Gothemberg,  The  drive 
down  was  fascinating.  Much  of  die  part  of 
Sweden  I  passed  through  sure  looked  a  lot 
like  our  own  Minnesota.  Now  I  know  why  we 
have  that  tremendous  SAvedish  population  up 
there  .  .  .  it  is  just  like  home  in  looks  and 
climate. 

Finland  turned  out  to  be  as  expensive  as 
Sweden  for  visitors.  John  Velamo  0II2YV 
dropped  everything  for  the  two  days  of  my 
visit  and  did  a  fine  job  of  entertaining  me.  I 
got  on  the  air  from  OH2A,  OH2AA.  and 
OH2TH,  including  a  contact  with  my  home 
station  and  the  latest  news  from  there.  I  had 
been  in  Finland  for  several  minutes  before 
John  wanted  to  know  if  I  had  ever  been  in 
a  sauna.  His  eyes  lighted  up  fiendishly  when 
I  admitted  tliat  though  Vd  heard  a  lot  about 
them  1  had  never  been  initiated.  OH2SS  was 
selected  to  show  me  the  ropes. 

We  reported  into  a  clubhouse  type  of  affair 
out  on  a  point  on  a  lake.  We  were  issued  a 
small  orange  towel  and  a  locker  for  our 
clothes.  Clad  only  in  myself  I  was  ushered 
into  a  small  dark  w^ooden  room  that  felt  like 
an  oven.  The  towel  was  not  for  modesty „  it 
was  to  Sit  on  to  keep  from  burning  the  flesh. 
The  diemiometer  read  a  little  over  120''.  It 
felt  warmer  than  that.  Ooops,  that  is  centi- 
grade. It  was  getting  a  little  hard  to  think  in 
all  that  heat,  but  I  slowly  worked  otit  the 
conversion  to  Fareulieit  and  got  250^,  They 
didn't  have  a  fork  so  I  wasn*t  snre  how  you 
could  tell  when  you  were  done.  After  about 
20  minutes  SS  led  what  was  left  of  me  out  of 
the  room,  out  the  door,  onto  tlie  dock  and 
into  the  water  whicii  was  under  40%  tlie  ice 
having  just  melted  a  few  days  before.  I  agreed 
that  it  sure  felt  good,  but  I  bed.  OK,  back 
into  the  oven  for  another  bout.  Baked  ham 
Basted  in  my  own  juice.  Then  back  out  on 
that  dock  and  into  the  ice  water.  Ob  yes,  it 
feels  wonderful,  Now^  we  try  to  smoke  room. 
250^  also,  with  nice  smell  irig  mullberry 
smoke.  Smoked  ham.  Those  mullberry  switches 
don  t  hurt,  just  tingle  a  bit  when  you  flagge- 
late  yourself  with  tliem.  They  smell  good 
mixed  wdth   the  delightful  aroma  of  yourself 


This  time  instead  of  going  out  into  the  lake 
we  lay  down  on  tables  and  verv*  sturdy  Fin- 
nish women  scrubbed  us  thoroughly  from  hair 
to  toes  using  nice  rough  pads  something  like 
Brillo.  I  haven^t  been  that  clean  in  years. 

Now  that  fve  tried  it  Til  have  to  check  into 
that  sauna  they  have  right  near  Peterborough. 
Our  lakes  are  warmer,  that's  for  sure.  Besides, 
Vm  only  half  baked  now, 

.    -    .   Wa>aie 
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Inlrodiiction 

The  coaxial  cable  is  the  simplest,  most  versa- 
tile and  most  popular  means  for  the  trans- 
mission of  rf  energy.  However,  it  would  be  safe 
to  say  that  to  most  amateurs  coax  means  sim- 
ply RG-8/U  or  RG-n/U.  Tliis  is  due,  at  least 
in  part,  to  tlieir  availability  and  low  cost.  How- 
ever, tliese  familiar  cables  are  not  always  the 
best  choice  for  an  amateur  antenna  system. 
Actually,  the  case  of  only  one  cable  being  able 
to  satisfy  a  set  of  requirements  is  rare;  usually 
Ihere  are  several  cables  whicii  will  meet  most 
of  the  requirements  of  a  particular  application. 
Nonetheless,  the  data  which  is  publislied  for 
these  cables  is,  in  some  a.spects,  quite  confusing 
and  easily  misunderstood. 

Undoubtedly,  more  transmitted  power  is  lost 
by  the  inadequate  selection  and  improper  use 
of  transmission  lines  tlian  from  any  other 
source.  It  is  the  purpose  of  this  handbook  to 
define  and  present  the  necessary  data  to  enable 
the  average  amateur  to  more  accurately  evalu- 
ate and  select  a  coaxial  system  suitable  for  tlie 
intended  operating  conditions. 

It  is  interesting  to  note  that  the  concentric 
form  of  transmission  line  is  old-iii  fact,  classi- 
cal. Altliougli  the  flexible  types  of  solid  dielec- 
tric coax  available  today  are  the  products  of 
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Miscellaneous  coaxial  cables;  RG-^S/U  and  RG- 
58C/U  are  poiyethylene  types;  RG-143A/U  and 
RG-f41A/U  ore  Teflon  types  with  Fibergtas  jack- 
ets; ond  solid  jocketed  cables  are  semiflexible 
types. 


modern  material  and  engineering.  Lord  Ray- 
leigh,  Alexander  Russell,  and  other  prominent 
mathematical  physicists  of  the  19th  century 
did  considerable  theoretical  work  with  the 
coaxial  structure  before  the  turn  of  the  century. 
Tlie  earliest  types  of  coaxial  line  were  hm- 
ited  to  telephone  transmission  lines  and  sub- 
marine cables.  However,  in  the  early  1930's 
engineers  at  the  Bell  Telephone  Laboratories 
experimented  with  coaxial  Unes  for  the  trans- 
mission of  high-frequency  radio  energy*  The 
rigid  alr*spaced  lines  used  in  these  experi- 
ments only  vaguely  resembled  the  flexil)le  lines 
iu  common  use  today,  but  it  must  be  remem- 
bered that  polyethylene  w^asn't  discovered  un- 
til 1937  or  available  in  commercial  quantities 
until  1943;  and  Teflon*  wasn't  even  announced 
until  1946.  These  earh^  cables  were  constructed 
using  ceramic  disks  or  beads  spaced  at  inter- 
vals along  the  line  to  support  the  inner  con- 
ductor. Since  the  outer  conductor  was  fabri- 
cated from  rigid  copper  tubing,  these  experi- 
mental coaxial  Ones  were  far  from  flexible,  but 
they  proved  to  i>e  very  efficient  in  Ingh-fre- 
quency  rf  tiansmission. 

Prior  to  World  War  II  the  rigid  disk  insu- 
lated concentric  line  saw  little  use  in  all  but 
the  most  sophisticated  commercial  installa- 
tions-  Tn  the  late  1930's  a  few^  manufacturers 
advertised  rubber  insulated  flexible  coaxial 
Cable,  but  because  of  the  higli  cost  and  at- 
tenuation cliaracteristics,  these  lines  were  nut 
popular  among  amateurs.  Since  relatively  lew 
television  stations  were  on  the  air  at  this  time, 
the  extra  sinelding  afforded  by  coaxial  lines 
were  not  a  necessity  for  T\T  elimination. 

With  die  advent  of  an  inexpensive  low-loss 
flexible  dielectric  during  the  war  years,  thou- 
sands of  feet  of  low  cost  coaxial  cable  became 
available  on  tlje  surplus  market  in  1946.  Un- 
fortunately, the  majority  of  amateur  trans- 
mitters of  the  day  were  not  suitable  for  the 
inherently  unbalanced  coaxial  system.  It 
wasn't  until  the  impact  of  TVI  that  the  coaxial 
tiansmission  line  became  the  mainstay  of  ama- 
teur  transmission  systems* 

Because  of  the  rapid  advances  made  in 
transmission  Une  technology  during  the  war,  a 
committee  w^as  set  up  to  determine  industry- 
wide standards  for  coaxial  cables,  connectors 
and  adapters  and  to  estabhsh  a  universal  n um- 
bering system.  The  familiar  "^RG'VU,  derived 
from  "radio  guide,"  was  designated  for  rf 
transmission  lines,  both  coaxial  and  wave- 
guide. The  "UG*'-/U  system,  derived  from 
"union  guide,"  was  assigned  to  rf  cormectors 
and  adapters  used  with  these  lines.  The  suffix 
"U"  was  used  to  indicate  a  "universaF'  system 
of  numbering, 

^TiTidemark    tit    DufKint 
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Table  1,  Comparison  of  coaxial  cable  characteristics. 


Cable  Type 

:    RG-8/U 

Aljak 

( 

Aljak 

Feam- 
Flsx 

Slyroflex 

Helical 
Membrane 

Corr-O-Fcam 

Rigid 

Dielectric 

Pofy 

ethylene 

Poly^ 

ethylene 

Teflon 

Foamed 

Pofy- 
ethylene 

Poly- 
styrene 
Tape 

Pcly- 

ethylene 

Ribbon 

,       Foamed 
Poly- 
ethylene 

1 

Air 

Outer 
Conductor 

Copper 
Brard 

Aluminum 

Aluminum 

Aluminum 

Afumfnum 

Alumfnum 

Corrugated 
Aluminum 

Copper 

Outside 
Drmension 
1             (Inches) 

0.405 

0.325 

0.325 

0.5C0 

0.500 

0.500 

0.570         j 

0.875 

Weight 
(f fa/ 1 00  tt) 

10.5 

6.9 

10.3 

15,2 

16.5 

1B.5 

15,0 

65.0 

Minimum 

Bend  Radius 

(Inches) 

2.1 

1.8 

1.8 

5.0 

5.0 

6.0 

5.0 

0 

Maximum 

Operating 

Temperature  (F**) 

185 

185       1 

390 

185 

185 

185 

185 

1 

Capacity            ; 
(Pf/ft) 

29.5 

31.5 

29.5 

25.0 

23,0 

21,0       ' 

25-0 

Peak  Operating 
Voltage 

5000 

5000 

5000 

2500 

1300 

1300 

2500 



10  mc 

Attenuation    ^^ 
(db/lOOft)     ^^""^ 

1000  mc 

0.55 

1 

2.00 
8.00 

0.33 
1.50 
7.60 

0.55 
1.80 
6.20 

0.25 
0,86 
3.31 

0.25 
0.80 
2.80 

i 

0.24 
0.76 
2.47 

0.25 
0.S5 
3.30 

0.13 
0.41 
1.60 

10  mc 
Average 
Power        100  mc 
(Watts) 

1000  mc 

3490 

1000 

240 

3700 
1000 

300 

17000 
5200 
1500 

12600 
3800 
1000 

7700 

2400 

720 

5800 

1600 

560 

7600 

2300 

610 

1 7000 
4600 
1400 

All  coaxial  cables  consist  of  the  same  basic 
elements:  a  center  condnctor,  a  dielectric  and 
an  outer  conductor  follow  ed  by  a  waterproof 
jacket.  Where  extreme  environnients  may  be 
encountered,  an  outside  armor  or  lead  sheath 
may  be  used- 
Coaxial  cables  are  available  in  three  main 
configurations;  braided  flexible  cable,  semi- 
flexible  cable  and  rigid  line.  The  braided 
cable  consists  of  a  solid  or  stranded  inner  con- 
ductor, solid  dielectric,  braided  outer  con- 
ductor and  a  protective  plastic  outer  jacket. 
This  cable  is  noted  for  its  flexibflity  but  suffers 
from  higher  losses  than  die  other  two  types, 
Semi5exible  cable  is  eonshucted  with  a  solid 
or  tubular  inner  conductor,  a  helical  or  foamed 
or  solid  dielectric  and  a  tubular  metal  outer 
conductor.  Tliis  cable  may  be  bent  during 
initial  installation  but  cannot  withstand  con- 
stant flexing- 


Rigid  hues  aie  usually  made  from  precision 
hard-drawia  brass  or  copper  tubing  but  ex- 
truded aluminum  or  copper-clad  stainless  steel 
have  been  used  to  a  limited  extent  The  center 
conductor  is  rigidly  supported  by  some  type 
of  dielectiic  bead  or  rod,  mechanically  crimped 
or  swaged  between  the  conductors.  These  hues 
exhibit  low  attenuation  and  high  power  han- 
dling abihly  and  have  long  been  the  mainstay 
of  commercial  broadcasting.  They  also  find 
extensive  use  in  television  broadcasting  and 
commercial  communications  at  frequencies 
where  waveguide  is  too  bulky. 

Flexible  coaxial  cables 

In  flexible  coaxial  lines,  solid  or  stranded 
copper  wire  is  normally  used  for  the  center 
conductor  of  tlie  cable.  In  some  cases  copper 
covered  steel  conductors  are  used  to  add  me- 
chanical strengtli   to  the  smaller  cable  sizes. 
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Frg.    1.   Coaxial  Structure 


Silver  plating  is  applied  to  prevent  oxidation 
of  the  copper  when  tlie  cable  is  used  at  ele- 
vated temperatures.  Tin  plating  is  used  to 
facih'tate  soldering  to  connectors;  however, 
the  use  of  tinned  conductors  should  be  limited 
to  low-frequency  applications  where  the  thick- 
ness of  the  plating  vvUl  not  significantly  in- 
crease cable  attenuation, 

A  polyethylene  dielectric  is  used  almost  ex- 
clusively where  the  maximum  temperature 
will  not  exceed  185  degrees  Fahrenheit;  The 
use  of  Teflon  (Polyietrafluoroetliylene)  is  re- 
quired when  temperatures  from  185  to  300 
degrees  are  encountered  in  the  vicinity  of  the 
dielectric. 

As  a  rule,  the  outer  condtictor  consists  of  a 
close  fitting  braid  of  fine  copper  wire,  A  num- 
ber of  fine  wires  are  conibined  to  form  a  car- 
rier comparable  to  a  single  flat  reed  in  a  woven 
basinet;  these  carriers  are  woven  in  and  out  to 
form  the  braid.  To  avoid  excessive  radiation 
loss  and  to  insure  proper  shielding,  approxi- 
mately 99%  braid  coverage  is  required*  This 
coverage  is  determined  by  tlie  stranding  of  the 
carrier,  the  number  of  carriers  and  the  "lay"  of 
the  braid.  The  lay  is  defined  as  that  length  of 
cable  required  for  the  carrier  to  make  one 
complete  revolution  around  it  and  determines 
ultimate  cable  flexibility.  Tin-  or  silver-plated 
strands  are  used  for  the  same  reason  as  for  the 
inner  conductor,  as  well  as  the  apparent  rf 
resistance  of  the  braid.  Occasionally^  a  second 
braid  of  eitlier  copper  or  steel  is  used  to  im- 
prove the  shielding  properties  of  the  cable.  Tlie 
second  shield  lias  only  a  minimum  efl^ect  upon 
attenuation  and  is  designed  primarily  for  im- 
proved flexibility  and  siii elding. 

The  jacketing  material  generally  used  with 
polyetliylene  cables  is  composed  of  black  vinyl 
resins    extruded    over    the    outer    conductor. 


There  are  two  types  of  vinyl  which  are  used 
for  jacketing  purposes:  regular  vinyl  and  non- 
contaminating  vinyL  Because  polyediylene  has 
a  chemical  aflSnity  for  some  of  tlie  plasticizers 
used  in  the  regular  vinyl  jacket,  the  develop- 
ment of  Uie  noncontaminating  t\pe  was  under- 
taken. Although  the  dissipation  factor  of 
nearh  all  dielectric  materials  except  Teflon 
increases  with  age  due  to  natural  oxidation, 
the  use  of  a  noncontaminating  jacket  limits 
deterioration  in  cable  performance.  Since  the 
rate  of  aging  is  temperature  dependent^  the 
use  of  cables  with  the  noncontaminating  jack- 
ets is  especially  important  w^here  the  cables 
will  be  subjected  to  elevated  temperatures* 

The  graph  of  Fig,  2  compares  the  attenua- 
tion of  tsvo  samples  of  coaxial  cables,  one  with 
a  contaminating  jacket  (RG-8/U)  and  the  other 
with  a  noncontaminating  jacket  (RG-SA/U),  to 
the  number  of  days  at  a  temperature  of  200 
degrees  Fahrenheit.  After  160  days,  the  at- 
tenuation of  the  cable  with  the  contaminating 
jacket  at  3000  megacycles  increased  nearly 
four  times  while  llie  attenuation  of  the  cable 
with  the  noncontaminating  vinyl  jacket  in- 
creased only  0.01  db  per  foot  at  the  same  fre- 
quency. It  must  be  emphasized  that  w^hile  this 
200  degree  test  simply  accelerated  the  aging 
process,  normal  aging  will  cause  the  same  ef- 
fect at  a  slower  rate* 

The  useful  life  of  calcic s  jacketed  with  the 
contaminating  type  of  vinyl  is  in  the  neighbor- 
hood of  three  to  seven  years.  Beyond  this 
point  the  attenuation  increases  exponentially 
and  reaches  very  high  values.  Oii  tlie  other 
handj  cal>les  with  noticontaminating  jackets 
offer  life  expectancies  well  in  excess  of  fifteen 
years.  Considering  that  their  extra  cost  only 
runs  about  a  penny  a  foot^  the  noncontami- 
nating t>  pes  of  cables  are  a  good  investment. 

Some  polyethylene  cables  are  jacketed  witli 
high    molecular    weight   carbon-black    loaded 
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Fig.    2,    Effect   of   contaminating    jacket   on   coble 
attenuation. 
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polyethylene.  These  jackets  contain  no  plus- 
ticizers  whatsoever  and  oflei  life  expectancies 
well  in  excess  of  twenty-five  years.  In  addition, 
they  are  ten  times  less  permeable  to  moisture 
than  the  vinyl  jackets. 

Teflon  insulated  coaxial  cables  are  jacketed 
with  slightly  diflFerent  m^iterials.  Because  of 
the  higher  temperature  characteristics  of  the 
Teflon  dielectric,  it  is  desirable  that  the  jacket 
also  exiiibit  these  same  properties.  For  this 
reason.  Teflon  cables  are  usually  jacketed  with 
a  close  wrap  of  Teflon  tape,  followed  by  one 
or  more  fiber  glass  braids  impregnated  with 
silicon  varnish. 

A  relative  new  addition  to  the  family  of 
flexible  cable.s  is  the  foamed  dielectric  version. 
These  cables  were  designed  to  satisfy  the  re- 
quirements for  a  low  attenuation,  low  capacity, 
hghtweight,  flexible  r-f  cable.  The  dielectric 
consists  of  cellular  polyethylene,  foamed  with 
an  inert  gas  to  produce  completely  enclosed 
cells  within  the  polyethylene.  Amphenoi  Poly- 
foam  and  Belden  Foam -Core  cables  are  of 
this  type. 

Compared  to  a  stajidard  RGVU  cable  of 
equivalent  size,  tlie  attenuation  of  foam  dielec- 
tric cables  is  reduced  by  as  much  as  35%, 
This  is  particularly  desirable  where  long  cable 
runs  are  required  or  for  VHF  and  UHF  appli- 
cations* 

Semiflexible  coaxial  cables 

There  are  many  constructonal  variations  be- 
tween the  extremes  of  rigid  coaxial  lines  and 
flexible  cables  which  fall  into  the  category  of 
solid-jacketed  or  semiflexible  cables.  These 
cables  have  a  number  of  outstanding  charac- 
teristics for  a  wide  variety  of  applications* 
Their  electrical  advantages  over  the  standard 
RG-/U  type  flexible  cable  are  lower  attenua- 
tion and  minimum  signal  radiation  or  pickup. 
Mechanically,  they  are  somewhat  lighter  in 
weight  than  flexible  cables  and  have  the  ad- 
vantage of  small  size  and  complete  weatlier- 
proofing. 

Instead  of  the  conventional  braid  shield  and 
vinyl  jacket,  the  outer  conductor  of  these 
cables  is  a  seamless  or  corrugated  ductile  metal 
tube.  Aluminum  is  most  often  used  for  such 
applications  because  of  its  lighter  weight  and 
lower  cost  than  copper,  but  both  steel  and 
copper  have  been  used  to  a  limited  extent. 
These  cables  may  be  formed  into  moderate 
bends  during  installation  and  in  some  applica- 
tions protective  coverings  may  be  added  for 
greater  abrasion  or  corrosion  resistance- 

Since  the  seamless  outer  conductor  prevents 
contamination  of  the  dielectric  material,  nearly 
unlimited  operating  life  may  be  expected.  Also, 
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Fig.  3,  Special  types  of  cooxiol  cable 


the  seamless  outer  conductor  allows  negligible 
energy  radiation.  Because  of  the  lower  losses 
associated  with  semiflexible  cables,  it  is  possi- 
ble to  use  a  smaller  size  cable  to  obtain  loss 
figures  equivalent  to  a  braided  cable  system. 

The  dielectric  used  in  semiflexible  lines  may 
be  either  an  airspaced  structure  or  some  form 
of  solid  dielectric-  In  the  former ,  a  continuous 
or  rod  of  dielectric  material  is  spirally  womid 
around  the  center  conductor  to  support  it  as 
shown  in  Fig.  3<  Styroflex*  cables  are  manu- 
factured with  a  continuous  laminated  helix 
composed  of  thin  flexible  polystyrene  tape;  this 
tape  is  a  unique  form  of  polystyrene,  charac- 
terized  by  excellent  electrical  and  mechanical 
properties.  No  plasticizer  is  needed  to  achieve 
flexibility  because  tins  property  is  obtained  by 
means  of  special  manufacturing  processes-  The 
laminated  type  of  construction  has  a  great  deal 
of  strength  and  permits  the  finished  cable  to 
withstand  heavy  crushing  loads.  Tliese  lines 
are  available  in  both  50  and  70  ohm  versions 
in  manv  different  sizes  from  %  to  634  inches  in 
diameter, 

Anotlier  type  of  helical  construction  which 
is  popular  consists  of  a  flat  ribbon  of  polyethyl- 
ene or  Teflon  helically  womid  around  the 
inner  conductor.  This  ribbon  is  made  by  ma- 
chining a  spiral  from  a  hollow  dielectric  tube 
and  drawing  an  aluminum  sheath  ti^tly  over 
the  open  spiral.  This  type  of  construction  re- 
sults in  less  attenation  than  the  laminated 
helix,  but  is  not  as  strong.  Also,  greater  care 
must  be  taken  during  installation  to  insure 
that  the  center  conductor  does  not  shift  be- 

•  Trademark    of    Phelps    Dod^e   Electronic    Products   Cor- 
poration 


JULY  1966 


97 


cause  of  cable  bends  or   tliermal  expansion. 
Helical  Membnine*  cables  are  of  this  tvpe, 

Heliax*  *  is  a  special  variety  of  helical  con- 
struction that  uses  a  tliick  polyethylene  ribbon 
to  support  the  inner  conductor.  The  outer 
conductor  is  a  length  of  corrugated  steel  tub- 
ing, copper  plated  on  the  inside  for  improved 
conductivity.  The  cable  is  protected  on  tlie 
outside  %^irii  weatherproofing  compound,  im- 
pregnated paper  tape  and  a  vinyl  jacket.  The 
main  advantage  of  this  construction  is  the 
abilitx  ol  the  outer  conductor  to  withstand  re- 
peated  flexure  (50  to  200  times)  without  fail- 
ure. Also,  no  special  stiaightening  or  bending 
tools  are  required  during  installation. 

For  smaller  size  cables^  sufficient  strength  is 
obtained  witli  a  spirally  wound  filament  of 
Teflon  or  polyetliylene  at  a  much  lower  cost* 
Spirafil*  cable  is  an  example  of  this  type  man- 
ufacture, 

Tlie  second  type  of  semiflexible  cable  uses 
a  solid  dielectric.  Recent  cables  of  tliis  type 
use  polyethylene  or  Teflon  dielectric  (Am- 
phenol's  Aljak)  or  foamed  polyethylene  (Phelps 
Dodge  Foamflex)  watli  an  aluminum  sheath. 
The  use  of  stslid  dielectric  increases  the  peak 
operating  voltage  and  the  attenuation,  but 
maintains  the  equivalent  power  handling  ca- 
pacity of  air-spaced  lines. 

Foamed  polyethylene  insulation  offers  a 
practical  form  of  a  homogenous  air- filled  di- 
electric which  retains  its  normal  dielectric 
strength  without  pressurization.  The  reduc- 
tion of  dielectric  constant,  compared  with  solid 
polyethylene,  results  in  lower  attenuaHon, 

Semiflexible  coaxial  lines  provide  a  compact, 
rugged  installation,  with  mechanical  protec- 
tion equivalent  to  lightweight  conduit  for 
permanent  installations  in  cable  raceways, 
along  bulkheads  or  similar  api^lications.  Close 
contact  with  metallic  supporting  structures 
greatly  enhances  their  heat  dissipating  prop- 
erties. Otlier  advantages  over  conventional 
braid  cables  are  low  attenuation,  no  radiation, 

♦Trademark    of    Fhelpa    Dodge 
••Trademark    of    Andrews    Corporation 
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Fig.   4,   Semiflexible   cable   stroightener. 


high  phase  stability,  unifomi  electrical  charac- 
teristics over  wide  temperature  variations,  and 
unlimited  oi>erating  life. 

Ihe  main  disadvantage  of  solid-jacketed 
semiflexible  cables  (other  than  those  with 
foamed  dielectiic)  is  that  all  newly  installed 
air  dielectric  cables  must  be  purged  and  then 
pressuiized  with  eitlier  dry  nitrogen  or  de- 
hydrated air  before  being  placed  into  opera- 
tion* This  is  to  insure  that  the  cable  is  and 
remains  dry.  The  use  of  nitrogen  gas  is  gen- 
erally preferred  over  dehydrated  air  in  purg- 
ing and  pressurizing  relatively  small  and  med- 
ium sized  cable  systems. 

Semiflexible  coaxial  ciibles  are  becoming  in- 
creasingK  popular,  particularly  in  those  appU- 
cations  requiring  critical  impedance^  maximum 
shielding  or  noise-suppression  requirements. 
Althougli  they  have  seen  little  use  as  yet  in 
amateur  applications,  it  is  expected  that  they 
will  become  popular  in  the  UHF  region  where 
waveguide  is  prolubitively  large  and  expensive. 

Although  it  is  difficult  to  make  an  accurate 
comparison  between  flexible,  semiflexible  and 
rigid  lines  because  of  the  difference  in  diam- 
eters,  Table  1  lists  some  of  the  more  common 
cables  with  tlieir  respective  characteristics. 

If  care  and  the  proper  tools  are  used  during 
the  installation  of  these  cables,  sharp  bends 
and  kinks  can  be  avoided  and  the  cables  may 
be  reused.  Precautions  should  be  taken  to  pre- 
vent continued  vibration  or  flexing  from  *\vork 
hardening"  and  eventually  cracking  the  sheath. 
From  this  standpoint,  copper  is  less  susceptible 
to  work  hardening  than  is  aluminum. 

The  semiflexible  ca!)les  are  received  from 
the  maniifactiuer  in  a  coil  and  it  is  usually 
necessary  to  straighten  it  before  use.  A  simple 
straightening  device  consists  of  a  close  fitting 
wooden  box  as  shown  in  Fig.  4*  The  recom- 
mended box  length  and  cable  cutout  tor  the 
common  sizes  of  semiflexn>le  cable  are  given 
in  the  illusbation.  Tliis  box  may  be  constructed 
from  any  standard  knot-free  wood  of  suitable 
dimensions-  The  box  entrances  should  be 
countersinked  as  sho^\  ii  and  a  small  amount  of 
mineral  oil  applied  to  minimize  friction. 

Threading  the  box  onto  the  larger  cables, 
particularly  one  inch  in  diameter  and  larger  is 
facilitated  by  using  bolts.  In  this  case,  the 
top  of  the  box  is  opened  slightly  to  allow  in- 
sertion of  the  cable  and  tlien  is  cinched  down 
with  the  bolts.  For  smaller  cables  this  is  us- 
ually not  necessary  and  the  box  may  be  put 
together  with  common  wood  screws. 

Most  manufacturers  funiish  semiflexible 
coaxial  cable  in  IOC  10  or  5000  foot  lengths^ 
but  Phelps  Dodge  has  special  kits  of  %  inch, 
5{)  ohm  Foamflex  with  connectors  for  amateur 
applications.  These  kits  are  available  in  50  or 
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100  foot  lengths  with  connector,  cable  clamps, 
pressure-sensitive  tape  and  seven  foot  length 
of  flexible  RG^8A/U  jumper  included  For  ap- 
plications where  direct  burial  of  the  cable  is 
desired,  thi.s  cable  is  available  with  a  special 
Habirlene  jacket  at  a  slightly  higher  cost.  Al- 
though the  non-jacketed  version  costs  50c  per 
foot  the  nearly  unlimited  operating  life  of- 
fered b)  tliis  t>i>e  coax  seems  to  outweigh  the 
disadvantage  of  its  higher  cost  over  conven- 
tional braided  transmission  lines. 

Coaxial  cable  characteristics 

There  are  six  basic  coaxial  cable  parameters 
for  which  values  are  normally  published. 
These  are: 

1)  Characteristic  Impedance 

2)  Attenuation 

3)  Capacitance 

4)  Velocit}'  Factor 

5)  Power  Rating 

6)  Ma.vimiun  Operating  Voltage 

The  first  four  characteristics  are  ciiticallv 
dependent  upon  the  dimensional  variations  of 
the  cable  and  are  carefully  regulated  dining 
tlie  manufactui'ing  process.  The  last  two  pa- 
rameters are  considerably  less  affected  bv  anv 
diuifiisional  variations,  but  are  rather  func- 
tions of  the  overall  dimensions  and  type  of 
coaxial  cable.  In  addition,  impedance,  capaci- 
tance^  attenuation^  and  velocity  factor  are  all 
interrelatedj  while  the  voltage  rating  and 
power  rating  are  pretty  much  independent  of 
each  other. 

Impedance 

The  characteristic  impedance  of  the  cable 
is  undoulrUtlly  the  most  discussed  and  most 
used  parameter.  This  quantity  is  directly  pro- 
portional to  the  dimensions  of  the  conductors 
and  the  dielectric  constant  of  the  insulating 
material  as  sliown  in  Fig.  5.  It  is  interesting 

Table  2.  Comparison  of  optimum  diameter  ratios 

ond  impedances  for  coaxial   lines. 
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Air 
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lectric 

Polyeth- 
ylene 
Die- 
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Die- 
lectric 

Minimum 
Attenuation 
Maximum  Voltage 
Maximum  Power 

3.59 
2.72 
1.65 

76.6 
60.0 
30.0 

51.0 
39,9 
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5.  Characteristic 

impedance  of  coaxial  cables. 

to  note  tliat  the  dimensions  of  the  conductors 
in  a  coaxial  line  may  be  selected  for  minimum 
attenuation,  maximum  power  or  maximum 
voltage  rating,  Sadly  enough,  the  dimensions 
for  optimizing  each  of  these  characteristics 
are  not  the  same;  corresponding  impedance 
values  for  optimizing  each  of  the  characteris- 
tics are  hsted  in  Table  2. 

Fortunately,  moderate  depart lu-es  from  these 
optimum  values  do  not  introduce  rapid 
changes  in  the  electrical  characteristics  of  the 
line.  For  fiiis  reason,  three  impedance  levels 
are  generally  accepted  as  reasonable  compro- 
mises between  the  infinite  number  of  possible 
values: 

50  ±2  ohms  Preferred  for  VHF  and  UHF 

applications,  test  equiimient, 
and  ti'ausitioMs  hrtwecn  coaxial 
line  uiK  1  wa  \  c  *gu  i  i  Le. 

75  ±3  olinis  Higli-rrrqiienry  use  to  30  mo, 

very  long  cable  runs. 

95  ±5  olinii;  Low  capacitance,  twin  con- 
ductor cables. 

Generally  speaking,  the  uniformity  of  the 
characteristic  impedance  has  a  greater  effect 
on  circuit  performance  than  the  absolute  value 
of  the  impedance  chosen.  The  larger  center 
conductor  of  the  50-ohm  line  results  in  a 
stronger  physical  structure  and  a  more  uniform 
line.  Also,  50-ohm  lines  facihtate  the  design  of 
coaxial  connectors  \\4th  excellent  impedance 
matching  characteristics. 

Attenuation 

As  a  signal  proceeds  from  the  transmitter 
along  the  line  to  the  antenna,  the  signal  will 
decrease  in  magnitude  bee u use  of  cable  at- 
tenuation. Tlie  attenuation  in  coaxial  cable  \^ 
made  up  of  two  kinds  of  losses;  series  losses  in 
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Fig,  6.  Attenuation  of  polyethylene  cobles, 

tlie  center  and  outer  conductors,  and  shunt 
losses  in  the  dielectric*  The  series  losses  are 
proportional  to  the  square  root  of  the  fre- 
quency and  constitute  the  major  portion  of 
the  cable's  attenuation.  Shunt  losses  are  caused 
bv  the  conductivitv  of  the  dielectric  materiiil 
and  are  direcUy  proportional  to  frequency*  At- 
tenuation measmements  at  100  mc  indicate 
that  the  conductor  losses  are  about  six  times 
greater  at  this  fiequency  than  the  dielectric 
losses.  On  the  other  hand,  at  10,000  mc,  the 
dielectric  losses  are  about  twice  as  great  as  the 
conductor  losses. 

The  losses  associated  with  the  conductors 
are  considerably  increased  when  stranded  con- 
ductors are  utilized.  For  instance,  a  braided 
outer  conductor  will  multiply  the  losses  over  a 
solid  outer  conductor  by  two  or  three  times. 
This  is  because  the  rf  currents  in  a  coaxial  line 
are  always  in  the  direction  of  propagation.  At 
the  lower  frequencies  the  currents  tend  to 
follow  the  individual  braid  wires  spirally 
around  the  cable.  At  high  frequencies  how- 
ever, the  currents  move  in  a  straight  line  from 
strand  to  strand,  dissipating  energy  in  con- 
tact resistance.  Therefore,  a  braid  having  a 
long  lay  will  have  less  attenuation  than  one 
having  a  short  lay.  Mechanical  considerations 
limit  the  lay  of  the  braid  however  and  greater 
stability  wath  flexing  may  be  attained  wath  a 
shorter  lay.  The  tightness  with  which  the 
braid  is  woven  is  also  important  in  eliminating 
instability  under  flexing  and  in  decreasing  con- 
tact resistance  between  braid  wires.  Since  a 
loose  or  open  braid,  or  any  form  of  surface 
contamination,  may  cause  erratic  attenuation 
when  the  cable  is  flexed,  it  is  important  that 
the  individual  braid  wires  are  not  embedded  in 
the  dielectric  or  jacketing  material.  The  braid 
signed  for  increased  stability  at  UHF  fre- 
quencies. 

Attenuation  cun^es  for  the  more  commonly 
used   coaxial    cables    are    plotted    versus   fre- 
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Fig.   7,  Attenuation  of  Teflon  cobles. 

quency  in  Figs-  6  through  9  respectively  for 
polyetiiylene,  Teflon,  foamed  and  semiflexible 
lines.  The  attenuation  curves  plotted  in  these 
graphs  are  based  on  an  operating  temperature 
of  68*  Fahrenheit,  and  for  accurate  calcula- 
tions at  other  temperatures,  the  attenuation 
must  be  scaled  according  to  the  graph  of  Fig. 
10-  For  tlie  climatic  conditions  normally  found 
in  the  continental  United  States,  the  changes 
will  amount  to  less  than  three  percent,  but 
under  extreme  temperatures^  these  changes 
should  be  considered. 

When  calculating  tlie  attenuation  of  a  trans- 
mission line,  the  effect  of  any  standing  waves 
along  the  line  must  be  considered  if  accurate 
results  are  desired.  If  the  standing  wave  ratio 
is  greater  than  one,  line  loss  is  multiplied  be- 
cause the  greater  effective  voltages  and  cur- 
rents along  the  line  increase  its  resistive  and 
dielectric  losses.  Line  loss  multiplication  due 
to  standing  waves  may  be  calculated  from  tlie 
relationship 


line  loss  multiplier  = 


SWR  +  — ^ 

^  SWK 

2 


For  convenience,  line  loss  multipliers  for 
standing  wave  ratios  up  to  11:1  are  plotted  in 
Fig,  11. 

Since  coaxial  line  attenuation  is  given  in 
decibels^  it  is  helpful  to  convert  to  power  ra- 
tios to  determine  the  effect  of  line  attenuation 
on  transmitted  power.  Fig,  12  charts  the  trans- 
mitted power  versus  atti  ruiation  up  to  10  db. 
If  more  accuracy  is  required,  the  **DB-Power, 
Voltage  and  Current  Ratio  Table"  may  be 
used. 

Example  150  feet  of  RG-9B/U  is  used  as 
the  antenna  transmission  line  in  a  144  mc 
amateur  installation.  With  an  ambient  tem- 
perature of  85*,  standing  wave  ratio  of 
2*6:1  and  transmitter  output  power  of  580 


^ 


100 


73  MAGAZINE 


100 



I~ — ' — I — I — T" 

qa 

«o 

50 
50 

— 

U4^ 

[;: 

1 

1 

20 

! 

"■  J-- 

/ 

10 

>  . 

11    im\  •^ 

^/ 

^    ! — 

f  . 

^— ; 

'^s^" 

h>^ 

VP^- 

i-/^ 

1  - 

' 

L-^ '  _r^         *i      J''"  "!~" 

■ '  ■ 

5     4 

i 

1           'Zt 

f^'i    ,  1- 1 

-<^^>^ 

9     9 
1 

■j— "H 

1    3.j                                       :.         i     _r.- 

^ 

^ 

-  ■  ■ 

i..l               -         - 

>A*^^ 

a^^^ 

>^ 

i 

1    " 

Lk^a. 

^ 

^ 

<sS^ 

'^ 

^     . 

L^ 

5^ 

t^ 

U     ^             J-            L          X      ± 

i' 

-^^? 

-1 1 1 

^  OA 

— h=i*^^^-4:ij 

-.jJ^^r 

"■■ 

m 

0$ 
03 

^<^      t     -"■3*3 

Tit  ^5-^ 

CT- 

1     1 

,>^      .k^ 

^P^^ 

:?^ 

v^^ 

^ 

.j' 

^ 

& 

1 

02 

'"^  .d 

1 

' 

1' 

-1  - ...  1 

ai 

r 

1    II 

i 

II 

■1 

1 

^    T  CIlD 

*e 

Q 

p     1 

^?3S 

38 

1 

§s 

i| 

^f 

i| 

Fig.  8.  Attemjation  of  foam  dielectric  cobles. 

watts,  what  is  the  total  attenuation  of  iLe 
line  and  how  much  power  will  be  tians- 
mitted  to  the  antenna? 

Froiti  Fig.  6,  tlie  attenuation  of  RG-9B/U 
at  144  mc  is  2.7  db  per  100  feet  The  atten- 
uation per  150  feet  then  may  be  found  from 


WTiere  L  = 
dbiao  = 

In  this  case, 


Loss  (db)  =  Lidbno) 

100 

=  Length  of  transmission  line  in  feet 
-  Atteriuution  of  line  per   100  f(*et 
in  db 


Loss  (db) 


150  X  2.7 
100 


=  4.05  db 


This  is  the  loss  of  150  feet  of  RG-9B/U  at 
144  mc  with  unity  SWR  at  68'  Fahrenheit, 
With  an  ambient  temperature  of  85°,  the 
loss  must  be  multiplied  by  1.02  (see  Fig. 
10).  From  Fig.  11,  an  SWR  of  2.6:1  cor- 
responds to  a  line  loss  multiplier  of  L49- 
Under  the  stated  operating  conditions  then^ 
the  total  loss  of  the  150  foot  h-ansmission 
line  is 

4.05  db  X  1.02  X  L49  =  6J6  db 
From  Figure   1-12,   6J6   db  corresponds 
to   24.2%    of   the    transmitter   power    (580 
watts)  will  be  transmitted  to  the  antenna. 
0,242  X  580  =  139.4  wntts  to  the  antenna 

Cable  capacitance 

The  capacitance  of  solid  dielectric  cables 
varies  inversely  with  the  characteristic  im- 
pedance and  averages  from  21  to  29.5  pf  per 
foot  respectively  for  75-  and  50-ohm  cables. 
It  is  often  desirable  to  have  lower  capacitance, 
particularly  in  conjunction  with  high-imped- 
ance circuits  where  the  coaxial  line  shunts  the 
input  to  the  device.  To  obtain  lower  capaci- 
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Fig.   9.  Attenuation  of  soUd  locketed  cobles. 

tances^  a  very  thin  center  conductor  or  an  aii' 
spaced  dielectric  is  usually  provided*  In  any 
case^  the  characteristic  impedance  of  low  ca- 
pacitance lines  normally  varies  between  95- 
and  185-ohms. 

Velocity  factor 

The  velocity  factor  is  defined  as  the  ratio 
of  the  velocity  of  propagation  of  an  rf  signal 
in  a  cable  to  the  velocity  of  propagation  in 
free  space.  When  a  dielectric  other  than  air  is 
used  as  the  insulating  material,  the  propaga- 
tion of  the  waves  is  slowed  down  by  the  di- 
electric medium  in  much  the  same  way  that 
light  is  slowed  down  (and  refracted)  by  a  glass 
lens.  For  the  case  of  polyethylene  cables  the 
velocity  factor  is  0.66;  for  Teflon,  0.695;  and 
for  foamed  cables,  between  0.78  and  0.80,  de- 
pending upon  the  manufacturer.  The  impor- 
tant consideration  here  is  tliat  when  a  lengtli 
of  coaxial  line  is  being  cut  to  some  specific 
electiical  length  it  must  be  foreshortened  by 
the  velocity  factor.  As  an  aid  in  designing  co- 
axial impedance  transfoimers,  baluns,  match- 
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Fig.  1  I,  Effect  of  SWR  on  line  attenuation. 

iiig  stubs^  etc,  the  elLctrical  wavelengths  of 
various  cables  are  tabulated  in  Tables  4 
tlirough  8,  for  the  amateur  bands  up  to  1296 

Power  rating 

Of  major  importance  in  the  selection  of  a 
coaxial  cable  is  the  ability^  of  the  cable  to 
safely  carry  the  anticipated  power.  Since  most 
of  the  medium  sized  cables  used  today  will 
safely  carry  a  full  kilowatt  at  the  lower  fre- 
quencies, this  parameter  is  usually  of  little 
consequence  to  Uie  amateur  who  Hmits  his  op- 
eration to  30  mc  and  below.  Howev^er,  the 
power  rating  of  any  coaxial  cable  decreases 
with  frequency  and  must  be  considered  when 
running  high  power  on  tlie  VHF  and  UHF 
bands.  The  maximum  r-f  power  that  a  coaxial 
line  may  safely  transmit  is  Umited  by  either 
(1)  the  voltage  introduced  by  the  peak  power, 
or  (2)  the  thermal  heating  due  to  the  average 
power.  WHiich  of  these  factors  wdll  predomi- 
nate varys  with  the  operating  conditions  of  the 
transmission  line. 

At  operating  freciuencies  over  10  mc  the 
power  rating  of  the  cable  resolves  itself  into 
a  problem  of  efficient  heat  transfer  from  the 
coaxial  cable  surface  to  the  surrounding  en- 


vironment   and    the    maximum    temperatures 
which  the  cable  materials  can  withstand. 

As  might  be  expected,  the  voltage  and 
power  ratings  increase  directly  with  tlie  di- 
ameters of  the  cable.  Additionally;  the  amount 
of  heat  which  flows  radiallv  from  the  line  de- 
pends  upon  the  thermal  properties  of  the  di- 
electric and  jacket.  RLidio-freciuency  energy 
generates  heat  at  the  center  conductor,  within 
the  dielectric  and  at  the  shield  in  direct  pro- 
portion to  tire  individual  attennation  of  each. 
Excessive  heat  can  result  in  movement  of  the 
center  conductor  due  to  softening  of  the  di- 
electric, mechanical  damage  due  to  thermal 
expansion  and  shortened  life  bccunse  of  accel- 
erated chemical  actitm.  Therefore,  for  any 
praticular  construction,  the  average  power  rat- 
ing will  depend  upon  the  permissible  tempera- 
lure  rise  above  a  stated  ambient. 

Assuming  that  the  internal  temperatures  are 
the  same  J  tlie  power  rating  at  one  frequency  is 
inversely  proportional  to  the  total  attenuation 
at  that  frequency,  and  the  power  ratings  at 
any  otiier  frequency  may  be  determined  from 
the  following  expression; 

P,  -  Pt  - 
a  I 

Where:  P»  =  Power  rating  at   unknown  fre- 

qiioncy 
=  Power  rating  at  test  frecjuency 
=  Attenuation    at    unknown    Iru- 

quencv 
=  Attenuation  at  test  frequency 


Pt 

a. 


at 


Using  this  equation,  a  complete  set  of  power 
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raHng  curves  may  be  plotted  if  the  attenuation 
curves  are  known.  Hov^ever,  the  power  curves 
should  not  be  plotted  below  10  mc  because 
electric  breakdown  rather  than  thermal  liinita- 
tions  Will  govern. 

Since  a  standing  wave  ratio  along  a  trans- 
mission line  multiplies  tlie  attenuation  of  the 
linej  it  will  also  decrease  the  power  rating  of 
the  cable-  This  is  because  there  are  larger  ef- 
fectiv^e  voltages  and  currents  along  a  line  with 
a  standing  wave  ratio  greater  than  1:1  and 
hence  consideiable  more  heating  of  the  con- 
ductors and  dielectric.  If  it  is  assumed  that 
tlie  radial  transfer  of  heat  from  the  inner  con- 
ductor to  the  atmosphere  is  the  predominate 
factor  J  the  power  rating  at  other  than  unity 
SWR  will  be  changed  by  a  factor  equal  to  the 
reciprocal  of  the  new  SWR;  this  power  de- 
rating factor  is  plotted  in  Fig.  15. 

Example  If  a  coaxial  cable  has  a  power  rat- 
ing of  1000  watts  at  a  specified  frequency 
for  an  SW  R  of  1:1,  the  power  rating  with 
a   SWR   of    L6:l    would    be   approximately 
625  watts  at  the  same  frequency. 
Another    factor    which    derates    the    power 
handling  capacity  of  the  cable  is  the  altitude. 
Tliis  is  because  as  the   altitude  is  increased 
above  sea  level,  the  less  dense  atmosphere  is 
a  less  efficient  heat  conductor  and  the  power 
rating   must   be    decreased    accordingly*    This 
altitude   derating  factor  is  illustrated   graphi- 
cally in  Fig,  16,  ConsequentlVj  when  considt  r 
ing  the  maximum  operating  power  of  a  coaxial 
line^    four    factors    must   be    considered:    fre- 
quency, standing  wave  ratio,  ambient  temper- 
ature, and  altitude. 

Example  Consider  the  h\pothetical  case  of 
high  power  432  mc  equipment  located  on 
top  of  a  mountain  under  conditions: 
Altitiide-5000  feet 

Ambient  temperature— 120"*  Fahrenheit 
Standing  Wave  Ratio— 3:1 
Assuming  RG-8/U  coaxial  line  is  used^  what 
is  the  maximum  power  that  may  be  safely 
use  J? 

Looking  at  the  powder  rating  curve  in  Fig; 
13,  at  432  mc  RG-8/U  will  safely  carry  430 
watts  of  rf  at  sea  level  at  100  degrees 
Fahrenheit  Assuming  that  the  station  is 
5000  feet  above  sea  level,  the  power  rating 
must  be  decreased  by  7%  as  shown  in  Fig- 
16  to  400  watts.  Since  tlie  local  temperature 
is  120  degrees,  the  power  must  be  further 
reduced  by  28%  (Polytlhjlcne  curve  in  Fig. 
14)  to  288  watts.  In  as  much  as  the  SWR 
is  3:1,  a  further  reductiou  of  67%  is  re- 
quired, yielding  a  total  power  capability 
under  the  stated  conditions  of  76  watts, 
more  than  a  five  to  one  reduction  from  the 
initial  rated  430  watts* 
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Fig.  T4.  Power  rating  factor  for  coaxial  cables. 

For  higher  ambient  temperatures  or  for  in- 
creased power  ratings,  Teflon  cables  are  de- 
sirable. Teflon  has  a  slightly  lower  high-fre- 
quency attenuation  because  of  the  lower  dis- 
sipation factor,  but  because  of  their  relatively 
high  cost,  Teflon  cables  are  used  only  \\  hen 
their  superior  temperature  characteristics  or 
improved  performance  are  economicaL 

Phase  temperature  characteristic^ 

This  term  is  of  particular  significance  to 
those  amateurs  designing  phased  ana\ s  where 
the  phase  relationship  l^etween  signals  travel- 
ing on  different  transmission  lines  is  criticaL 
This  term  is  used  to  establish  the  variation  in 
cable  length  with  temperature •  The  reasons 
for  variation  are  obvious  ulien  considering 
that  all  materials  expand  and  contract  with 
temper Liture.  It  is  interesting  to  note  that  flexi- 
ble braided  cable  is  ver\^  poor  in  this  respect, 
whereas  a  good  quality  semiflexible  cable  wiU 
change  less  than  15  parts  per  million  per  de- 
gree Fahrenheit, 
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Table  3.  D8  power,  voltage  and  current  ratios. 


1 

Power  Ratio 

Vohage  or 

Power 

Ratio 

Voltage  or 

Current  Ratio 

1 

V        ^r    WW    ^0f  ■ 

■  ^  40  ^1  ^tf 

Current  Ratjo 

DB 

DB 

1 

Gain 

Loss 

Gain 

Loss 

Gain 

Loss 

Gain 

Loss 

0,1 

1.02 

.977 

1.01 

.989 

4.6 

2.88 

.347 

1.70 

.589 

0.2 

1.05 

,955 

1.02    1 

,977 

4.7 

2.95 

.339 

1,72 

.582 

0.3 

1.07 

.933 

1.03 

.966 

4.8 

3.02 

.331 

1,74 

.575 

0.4 

1.10 

.912 

1.05 

.955 

4.9 

3,09 

,324 

1.76 

.568 

0.5 

1.12 

.891 

1.06 

.944 

5.0 

3.16 

.316 

1.78 

.562 

0.6 

1.15 

.871 

1.07 

.933 

5.1 

3.24 

.309 

1.80 

.556 

0.7 

1.17 

.851 

1.08 

.923 

5.2 

3.31 

.302 

1.82 

.549 

0,8 

1.20 

.832 

1.10 

.912 

5.3 

3.39 

,295 

1.84 

.543 

0.9 

1.23 

.813 

1.11 

.902 

5.4 

3,47 

.288 

1.86 

.537 

1.0 

1.26 

.794 

1.12 

.891 

5.5 

3.55 

.282 

1.83 

.531 

1.1 

1.29 

.776 

1.13 

.881 

5.6 

3.63 

.275 

1.91 

.525 

1.2 

1.32 

-759 

1.15 

.871 

5.7 

3.72 

,269 

1.93 

.519 

1.3 

1.35 

.741 

1.16 

.861 

58 

3.80 

,263 

1.95 

.513 

1.4 

1.38 

.724 

1.17 

.851 

5.9 

3,89 

,257 

1.97 

.507 

1.5 

1.41 

.708 

1.19 

.841 

6.0 

3.98 

,251 

1,99 

.501 

1.6 

1.44 

.692 

1.20 

.832 

6.5 

4.47 

.224 

2.11 

.473 

1.7 

1.48 

.676 

1.22 

.822 

7.0 

5.01 

.199 

2.24 

,447 

1.8 

1.51 

.661 

1.23 

.813 

7.5 

5.62 

.178 

2.37 

,422 

1.9 

1.55 

.646 

1.24 

.803 

8.0 

6.31 

.158 

2.51 

.398 

2.0 

1.58 

.631 

1.26 

.794 

8,5 

7.08 

.141 

2.66 

.376 

2.1 

1.62 

.617 

1.28 

.781 

9.0 

7.94 

.126 

2.82 

.355 

2.2 

1.66 

.603 

1.29 

.776 

9.5 

8.91 

.112 

2.98 

.335 

2.3 

1.70 

.588 

1.31 

,763 

10.0 

10.00 

,100 

3.16 

.316 

2.4 

1.74 

.575         1 

1.32 

.759 

11.0 

12.60 

.079 

3.55 

.282 

2.5 

1.78 

.562 

1.33 

,752 

12.0 

15.80 

.063 

3.98 

.251 

2.6 

1.82 

.550 

1.35 

.741 

13.0 

19.9 

.050 

4.47 

.224 

2.7 

1.86 

.538 

1.36 

.735 

14.0 

25.1 

.040 

5.01 

.199 

2.8 

1.90 

.525 

1.38 

.724 

15.0 

31.6 

.032 

5.62 

.178 

2.9 

1.94 

.514 

1.39 

.716 

16.0 

39.8 

.025 

6.31 

.158 

3.0 

1.99 

.501 

1.41 

.708 

17,0 

50.1 

.020 

7.08 

.141 

3.1 

2.04 

.490 

1.43 

.699 

18.0 

63.1 

.016 

7.94 

,126 

3.2 

2.09 

.479 

1.44 

.692 

19.0 

79.4 

.013 

8.91 

.112 

3.3 

2.14 

.468 

1.46 

.684 

20.0 

100.0 

.010 

10.00 

.100 

3.4 

2.19 

.457 

1.48 

.676 

21.0 

125.9 

.008 

11.22 

.089 

3.5 

2.24 

.446 

1.50 

.667 

22.0 

158.5 

.006 

12.59 

.079 

3.6 

2.29 

.436 

1.51 

.661 

23.0 

199.6 

.005 

14.13 

.071 

3.7 

2.34 

.427 

1.53 

.654 

24.0 

251.2 

.004 

15.85 

.063 

3.8 

2.40 

,417 

1.55 

.646 

25.0 

316.2 

,003 

17,80     , 

.056 

3.9 

2.45 

.408 

1.57 

.638 

30,0 

1000.0 

.001 

31,62 

.032 

4.0 

2.51 

.398 

1.58 

.631 

35.0 

3162.0 

.0003 

56.24 

.018 

4.1 

2.57 

.389 

1.60 

.625 

40.0 

10000 

.0001 

100.00 

.010 

4.2 

2.63 

.380 

1.62 

.617 

45.0 

31620 

.00003 

177.80 

.006 

4.3 

2.69 

.372 

1.64 

.610 

50.0 

IQS 

10  » 

316.23 

.003 

4.4 

2.75 

.363 

1.66 

.603 

55.0 

^ 

.^^ 

562.40 

.0017 

4.5 

2.82 

.355 

1.68 

.596 

60.0 

10« 

icr* 

1000.0 

.001 

Shielding  properties 

Althoagh  it  is  generally  accepted  that  the 
coaxial  line  offers  a  completely  shielded 
method  for  rf  transmission^  this  is  not  neces- 
sarily so*  Interference  and  crosstalk  can  ap- 
pear between  a  coaxial  Hne  and  surrounding 


equipment  due  to  the  radiation  of  energy 
tlirough  the  braid.  Although  insignificant  at 
the  lower  frequencies,  it  can  become  quite 
troublesome  in  the  UHF  region.  This  radia- 
tion through  the  shield  is  attenuated  in  two 
ways;  absorption  by  the  shield  material  and 
reflection  due  to  the  impedance  discontinuities 
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Fig,   16*  Effect  of  attitude  on  power  rating. 

where  the  individual  .strands  of  the  braid  cross 
one  another. 

Frequently,  the  reflection  loss  from  the  ir- 
regularities of  the  braid  material  is  greater 
tiian  tlie  attenuation  through  tlie  braid*  Also, 
if  the  braid  is  constructed  from  two  different 
materials,  the  greater  the  reflections  and  the 
more  effective  the  shielding.  For  instance,  the 
use  of  copper  and  steel  as  a  double  braid 
forms  a  very  effective  low-frequency  shield. 
Even  greater  shielding  may  be  obtained  by  al- 
ternately interweaving  layers  of  conductor  and 
insulating  materials  and  this  "triaxiaF'  tech- 
,  nique  is  often  used  in  the  manufacture  of  high 
voltage  pulse  cables. 

I     Cable  standing  wave  ratio 

te  Tn  the  UHF  region,  the  standing  wave  ratio 
^  of  a  properly  terminated  flexible  coaxial  cable 
may  vary  between  U  and  1.3,  occasionally 
reaching  sharp  peaks  of  1.6  to  1,8,  This  is  be- 
cause flexible  cables  exiiibit  bad  resonances  at 
certain  frequencies.  These  resonances  are 
caused  by  periodic  variations  in  the  diameter 
of  the  dielectric.  Small  variations  are  inherent 
in  the  nature  of  tlie  mechanical  extrusion  proc- 
ess and  are  more  prevalent  in  Teflon  than  in 
polyetliylene*  From  the  standpoint  of  trans» 
mission  line  theory,  gradual  variations  in  cable 
diameters  would  cause  little  reflection.  How- 
ever, abrupt  discontinuities  in  the  line  that 
are  repeated  periodically  add  up  to  a  very 
large  mismatch  at  the  input  end  of  a  long 
cable  at  those  frequencies  for  which  the  dis- 
continuities are  spaced  bv  an  even  number  of 
half  cycles.  

Cutoff  frequency 

Although  it  is  not  widely  appreciated,  co- 
axial cables  do  have  an  upper  frequency  limit. 


This  so-called  cutoff  frequency  is  defined  as 
that  frequency  at  which  the  rf  energy  within 
the  coaxial  structure  does  not  propagate  in  the 
proper  mode;  that  is^  the  frequency  at  which 
the  line  acts  more  like  a  piece  of  waveguide 
than  a  piece  of  coax. 

The  cutoff  frequency  is  reached  w^hen  the 
mean  diameter  of  the  coax  becomes  equal  to 
one  wavelength.  Practical  experience  indicates 
that  coax  should  not  be  used  beyond  about 
95%  of  this  value  because  of  the  extremely 
abrupt  increase  in  attenuation.  This  frequency 
is  defined  by  the  following  relation; 


Fc  (mc)  = 


(d  -f-  D)  \/  e 


WlitTe :  Fe 
d 
D 
e 


=  Cutofi'  frequency 
=  Outside  diameter  of  inner  conductor 
=  Inside  diameter  of  outer  conductor 
=  Dielectric    constant   of   insulating 
material 

The  cutoff  frequency  should  be  of  little  conse- 
quence to  the  majority  of  amatem-  applications 
since  it  falls  well  above  10,000  mc  for  all  but 
the  large  diameter  cables.  It  should  be  noted 
that  the  attenuation  curves  should  not  be  pro- 
jected into  the  cutoff  region  because  of  the 
rapid  change  in  slope. 

Special  cables 

In  addition  to  the  common  types  of  coaxial 
line  with  w^hich  most  amateurs  are  familiar, 
there  are  several  special  cables  that  should  be 
mentioned  briefly.  One  of  these  is  the  high 
attenuation  type  designed  specifically  for  at- 
tenuation pads  and  loads  in  instrumentation 
applications,  hi  order  to  achieve  high  attenua- 
tion, RG-21/U  and  RG-126/U  use  a  high  re- 
sistance number  16  AWC  Nichrome  wire  for 
the  center  conductor.  Since  the  majority  of 
attenuation  is  in  the  center  conductor^  the  at- 
tenuation of  these  lines  is  roughly  proportional 
to  the  square  root  of  the  frequency.  These 
cables  replace  the  older  RG-38/U  attenuating 
cable  which  used  a  lossy  rubber  dielectric  as 
the  attenuating  element.  In  RG-38/U,  the  at- 
tenuation is  nearly  proportional  to  frequency, 

Subminiature  cables  which  do  not  have 
standard  RG-/U  designations  are  seeing  ex- 
tensive use  in  transistorized  equipment  where 
size  and  weight  are  at  a  premium.  Cables  of 
this  type  are  available  in  both  flexible  and 
semiflexibie  versions  with  Teflon^  iJolyethylene 
and  foam  dielectrics. 

Triaxial  cables  are  available  which  exiiibit 
very  good  shielding  properties  at  frequencies 
up  to  10  mc.  Although  intended  primarily  for 
pulse  service,  tliey  may  be  used  in  other  ap- 
plications where  noise  is  a  problem. 
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Table  9.  Equivalent  international  coaxial  cables. 


USA 

Brjtish 

French 

Swedish 

Russian 

RG-8/U 

Uniradfo  No.  67 

KX50MD1 

HK-50-7 

PK47 

RGll/U 

Uniradio  No.  57* 

KX76MD1 

— ■ 

PK-20* 

RG17/U 

Unfradio  No,  74 

— 

HK-50  17 

— 

RG'5S/U 

Uniradio  No.  43 

HK-50A-3 

— 

RG*58A/U 

1            Uniradio  No.  76 

— 

HK-50B-3 

— 

RG  63/U 

Uniradio  No.  64 

— 

— 

— 

RG-133/U 

Uniradio  No.  78 

KXIOOMMI 

— ■ 

*SfmiIar  to  but  not  equivalent 

Several  manufacturers  have  special  *^aw- 
noise"  coaxial  cables  which  remain  electricaDy 
neutral  under  conclitious  of  shock  and  vibra- 
tion. Spurious  signals  may  be  generated  by 
standard  flexible  ca!>le  under  conditions  of  ex- 
treme flexure;  these  signals  may  well  be  of  a 
liigher  le\  el  tliau  the  useful  signal  being  trans- 
mitted along  the  line.  The  reduction  of  this 
inherent  noise  is  obtained  by  applying  a  semi- 
conductive  coating  between  the  dielectric  and 
the  outer  braid. 

Although  other  countries  do  not  have  the 
convenience  of  coaxial  cable  standardization 
that  the  Ujiited  States  does,  most  of  them  have 
cables  that  are  equivalent  or  similar  to  stand- 
ard RG-/U  tvfjes.  Table  9  lists  British,  I^reiicii, 
Swedish  and  Russian  coaxial  cables  and  their 
RG-/U  counterparts. 

Coaxial  cable  testing 

Accurate  testing  of  coaxial  transmission  lines 
normally  reqinVes  sophisticated  laboratory 
equipment,  but  some  rather  simple  tests  that 
may  be  made  in  the  ham  shack  are  useful  in 
determining  the  quality  of  a  particular  coaxial 
cable  in  use. 

The  easiest  test  is  that  of  isolation  between 
the  inner  and  outer  conductors.  For  this  test 
a  500  volt  megohmeter  should  be  used.  For 
good,  high  quality,  unterminated  coaxial  cable, 
the  isolation  between  the  conductors  should 
be  at  least  100,000  megolmis.  If  the  iyululion 
is  less  than  this,  the  attenuation  of  the  line 
will  be  extremely  high,  the  power  rating  w0I 
be  limited  and  earlv  failure  mav  occur  due  to 
voltage  breakdown  or  excessive  heat. 

Inipedance  measurement 

Another  test  that  is  simple  to  perform,  and 


that  is  more  indicative  of  calile  (luality  is 
measurement  of  the  characteristic  in:ipedance 
of  the  line.  For  new,  high  quality  coaxial  ca- 
ble,  the  characteristic  impedance  should  be 
within  one  or  two  percent  of  that  specified  by 
tlie  manufacturer.  For  example^  a  50  ohm  Hne 
should  luive  a  characteristic  hiipedance  be- 
tvveen  49  and  51  ohms.  If  the  measured  im- 
pedance is  more  than  two  percent  off,  it  is 
indicative  of  serious  faults  within  the  line. 
Poor  manufacturing  processes,  contaminated 
dielectric^  and  moisture  and  dirt  all  contribute 
to  the  degradation  of  cable  impedanee« 

This  test  is  easy  to  perform  and  requires 
only  a  grid-dip  meter  and  an  accurate  capaci- 
tance bridge  or  Q- meter.  First  of  all^  one  end 
of  the  cable  to  be  tested  is  short-circuited  with 
a  piece  of  wire.  The  grid-dipper  is  then  cou- 
pled to  the  other  end  of  the  line  and  tuned  for 
a  dip.  Resonant  points  will  be  obtained  at  sev- 
eral different  frequencies,  but  the  one  lowest 
in  frequency  is  the  one  used  in  this  measure- 
ment. 

Next,  remove  the  short  and  measure  the 
capacity  of  the  line  with  the  capacitance 
bridge  or  Q-meter,  For  this  measurement,  sev- 
eral readings  should  be  made  and  then  aver* 
aged  for  best  results.  Using  the  capacity  of 
the  Hue  and  the  lowest  frequency  of  resonance^ 
the  characteristic  impedance  of  the  line  may 
be  calculated  from  the  following  fornmla. 


j6o  — ^ 


2.5  X  10^ 
fC 


\Miere  Zp  =  Characteristic  impedance  of  the 

line 

Lowc^^t    f req iion vj    of    n^?^*  >n i \ n re 
in  nio 
Capacity  in  picofarads 


f    = 


C  = 


106 


73  MAGAZINE 


I 


Example:   A  length    of   coaxial   cnhlo   has   a 
measured  capacity  of  1377  pf  and  tlie  lowest 
frequency  of  resonance  in  3-65  mc. 
What  is  its  charartcTiHtit*  impedaiioo? 


Table  4,  Free  space  wavelength. 


Zo   ^ 


2.5  X  10* 


(3.65  me)  (1377  pf) 


=  4974  olims 


Atteniuition  measurement 

The  moiit  diiect  metliod  for  measuring  at- 
tenuation is  to  measure  and  compare  voltages 
at  die  beginning  and  end  of  a  properly  termi- 
nated transmission  line.  A  vacuum  tube  volt- 
meter may  be  used  for  this  purpose  at  frequen- 
cies up  to  about  30  mc,  but  at  higher  frequen- 
cies the  two  voltage  measurements  are  more 
difficult  to  make  and  a  more  accurate  method 
should  be  used*  For  frequencies  up  to  about 
200  mc,  a  Q-Meter  may  be  used  with  i  either 
accurate  results.  The  Q-meter  is  simply  a  se- 
ries-resonant circuit  with  a  variable  oscillator 
and  a  device  for  indicating  the  peak  voltage 
or  Q  across  the  variable  capacitor  at  resonance- 

To  use  this  method  of  attenuation  measure- 
ment, the  Hue  to  be  tested  is  attached  to  the 
Q-meter  as  shown  in  Fig.  17j  a  shorting  switch 
is  sho\\m  in  the  ilkistration,  Init  anv  method 
of  shorting  the  cable  will  do;  a  flat  piece  of 
copper  sheet  is  excellent  for  this  purpose.  The 
Q-meter  is  then  adjusted  to  the  resonant  fre- 
quency of  the  open  circLiited  line;  when  the 
line  is  shorted,  the  Q-meter  should  indicate 
series  resonance  at  the  same  frequency.  If  not, 
a  small  frequency  adjustment  may  be  made  to 
compensate  for  end  effect  and  other  stray  ef- 
fects which  cause  slight  changes  in  resonance. 

Note  the  relative  reading  of  the  voltage  in- 
dicator on  the  Q-meter  wdth  the  line  open- 
circuited  and  remove  tlie  cable  from  the  meter. 
Substitute  standard  composition  resistors 
across  the  Q-meter  terminals  until  the  same 
relative  meter  reading  is  ol>taiiied,  When 
the  equivalent  parallel  resonant  resistance  of 
the  cable  is  determined,  the  attenuation  of  tlie 
line  mav  be  calculated  from: 


a  = 


8.09  Z. 


Wlicre:  a 


Rfl  "= 


Attenuation  in  db 
Characteristic  impedance  of  the 
line  in  ohms 

Eqiiivalent   resonant   resistance 
of  the  line 


Since  this  procedure  is  not  dependent  upon 
the  actual  values  read  on  the  Q-meter  and  the 
variable  capacitor  dial,  better  accuracy  is  ob- 
tained. This  is  because  even  the  most  expen- 
sive Q-meters   are  rather  inaccurate   at   \  IIF 


i 

Frequency 

X 

V2 

XM 

(mc) 

3.50 

281'     0.27" 

140'     6.13" 

70'    3.07" 

3.75 

262'    3.45" 

131'     1.73" 

65'    6.87" 

4.00 

245'  10.73" 

122'  11.37" 

61      5.69" 

7.00 

140'     6.13" 

70'    3.07" 

35'     1,53" 

7.15 

137'     6.76" 

68'    9.38" 

34'     4.69" 

7.30 

134'     8.84" 

67'     4.42" 

33'     8.21" 

14.00 

70'    3.07" 

35'     1.53" 

17'    6.77" 

14.20 

69'    3.19' 

34'    7.60" 

17'    3.80" 

14.35 

68'     6.50" 

34'     3.25" 

17'     1.63" 

21.00 

46'  10.04" 

23'     5.02" 

11'    8.51" 

21,25 

46'    3.43" 

23'     1.72" 

11'     6.86" 

21.45 

45'  10.25" 

22'  11.13' 

11'     5.57" 

28.00 

35'     1.53" 

17'    6.77- 

8'    9.38- 

28.50 

34'     6.14" 

17'    3.07" 

8'     7.54" 

29.00 

33' 11.00" 

16' 11.50" 

8'    5.75"   ' 

29.70 

33'     1.44" 

16'     6.72" 

8'    3.36" 

50.0 

236.06" 

1 18.03" 

59.02" 

51.0 

231.43" 

115.72" 

57.86"       , 

52.0 

226.98" 

113.49" 

56.75" 

53.0 

222.70" 

111.35" 

55.68" 

54.0 

218.57" 

109.29" 

54.64" 

144.0 

81.97" 

40.98" 

20.49" 

145.0 

81.40" 

'        40.70" 

20.35" 

146.0 

80.84" 

40.42" 

20.21" 

147.0 

80.29" 

40.15" 

20.07" 

148.0 

79.75" 

39.88" 

19.99" 

220.0 

53.65" 

26.83" 

13.41" 

222.5 

53.05" 

26.52" 

13.26" 

225.0 

52.46" 

26.23" 

13.12" 

420,0 

28.10" 

14.05" 

7.03' 

425.0       • 

27.77" 

13.89" 

6.94" 

432.0 

27.32" 

13.66" 

6.83" 

440.0 

26.83" 

13.41" 

6.71" 

450.0 

26.23" 

13.12" 

6.56" 

1215.0 

9.71" 

4,86" 

2.43- 

1225.0 

9.64" 

4.82" 

2.41" 

1     1250.0 

9.44" 

4.72" 

2.36" 

1275.0 

9.26" 

4.63" 

2.32" 

1296.0 

9.11" 

4.55" 

2.28" 

1 

L-. 


Tt^  £«&£ 


Z? 


J 


$IHTCH 


0- METER 


Fig.    17.   Test  setup  for   meosuring   coaxial   cable 
attenuation. 
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Table    5.    Coaxial    cable    wavelength.    Polystyrene 
dielectric.  Velocity  of  propogotion  =  0.66. 


Table  6,  Coaxial  coble  wovelength.  Teflon  dielec- 
tric. Velocity  of  propagation  =  0.695. 


Freqyency 
Cmc) 


3.50 
3.75 

4.00 

7.00 
7,15 
7,30 

14.00 
14.20 

14.35 

21.00 
21.25 

21.45 

28.00 
28.50 
29.00 
29.70 

50.0 
51.0 
52.0 

53.0 
54.0 

144.0 
145-0 
146.0 
147.0 

148.0 

220,0 
222.5 
225.0 

420,0 
425.0 
432.0 
440.0 
450.0 

1215.0 
1225.0 
1250.0 
1275.0 

1296.0 


185' 
173' 
162' 

92' 
90' 


5.70" 
1.32' 
3,48" 

8.85" 
9.50" 


88'  11.11' 

46'  4.42^^ 
45'  8.59" 
45'     2,85^ 

30'  10,95'^ 
30'    6.59* 

30'    3.17'' 

23'  2.21' 
22'  9.33* 
22'  4.62* 
21'  10.31' 

155.80" 
152.74'' 
149.81' 
146.98" 
144.26' 

54.10" 
53.72- 
53.36" 
52.99" 

52.64" 

35.41' 

35. or 

34.62" 

18.55" 
18,33" 
18.03" 
17.71' 
17.31" 

6.41" 
6.36" 
6.23" 
6.11* 
6.01' 


X/2 


92'  8.85" 
86'  6.66' 
81'     1.74" 

46'  4.42" 
45'  4-75" 
44'    5.56* 

23'  2.21' 
22'  10,29" 
22'    7.43'' 

15'  5,48* 
15'  3,29' 
15'     1.58" 

11'  7.11" 
11'  4.67' 
11'  2.31' 
10'  11.16" 

77.81" 
76.37' 
74.90" 
73.49' 
72-13" 

27.05" 
26.86' 
26.68' 
26.50' 
26.32' 

17.71' 
17.51' 
17.31' 

9.27" 
9.17" 
9.02* 
8.85' 
8.66' 

3.2r 

3.18" 
3.12' 
3.06' 
3.00' 


X/4 


46'  4.42'' 

43'  3.33' 

40'  6.87" 

23'  2.21" 

22'  8.38" 

22'  2.78" 

11'  7.ir 

11'  5.15" 

11'  3.71" 

7'  8.74^ 

7'  7.65" 

7'  6.79" 


5' 
5' 
5' 
5' 


9.55" 
8.33" 
7.15" 

5,58" 


38.91" 
38,19" 
37.45" 
36.75" 
36.06" 

13,43" 
13.34* 
13.25" 

13.16" 

8.85" 
8.75' 
8.66" 

4.64" 
4,58" 
4,51" 
4,43" 
4.33' 

1,60" 
1,59" 
1.56" 
1.53" 
1.50" 


frecinencies.  On  the  other  hand,  tests  have 
shown  that  standard  composition  resistors  ex- 
hi!)it  constant  resistance  from  DC  to  about 
200  mc  and  the  comparison  method  yields  pre- 
cision of  about  5  percent  for  50  ohm  coaxial 
cables. 

Example :  Whtit  is  the  attenuation  of  a  50  ohm 
coaxial  cable  with  an  equivalent  parallel 
resonant  resistance  of  91  olims? 


a  = =  4.8  ab  attenuation 

91 


Frequency 
(mc) 

X 

X/2 

X/4 

3.50 

195'    3.73' 

97'     7.86" 

48'    9.93' 

3.75 

182'    3.48- 

91*     1.74" 

45'    6.87" 

4.00 

170'  10.76" 

85'    5.38" 

42'    8.69" 

7.00 

97'     7.86" 

48'    9.93" 

24'    4.97" 

7.15 

95'    7.28" 

47'     9.64" 

23'  10.82" 

7.30 

93'    7.70' 

46'    9.85* 

21'    3.93" 

14.00 

48'    9.93" 

24'     4.97" 

12'     2.49" 

14.20 

48'     1 .  68" 

24'     0.84" 

12'    0.42" 

14.35 

47'     7.64" 

23'    9.82" 

11'  10.91" 

21.00 

32'    6.62" 

16'    3.31" 

7'    3.66" 

21.25 

32'    2.25" 

16'    1.01" 

7'    2.51" 

21.45 

31'  10.41" 

15'  11.21" 

7'     1.61" 

28.00 

24'     4.97" 

12'    2.49" 

6'     1.25" 

28.50 

23'  11.83" 

11'  11.91' 

5'  11.96" 

29.00 

23'    6.86" 

11'    9.43* 

5'  10.72" 

29.70 

23'    0.22" 

11'     6.11' 

5'    9.06" 

50.0 

1 64.06" 

82.03* 

41.02" 

51.0 

160.84" 

80.42" 

40.21" 

52.0 

157.75" 

78.88" 

39.44' 

53.0 

154.77" 

77.39" 

38.69" 

54,0 

151.91" 

75.96" 

37.98" 

144.0 

56.97" 

28.48" 

14.24" 

145.0 

56.57* 

28.29" 

14.14" 

146.0 

56.19- 

28.09" 

14.05- 

147.0 

55.80" 

27,90" 

13.95" 

148.0 

55.43" 

27.71" 

13.86" 

220.0 

37.29" 

18.64" 

9.32" 

222.5 

36.87' 

18.43" 

9.22" 

225.0 

36.46' 

18.23" 

9.11' 

420.0 

19.53" 

9.77" 

4.89" 

425.0 

19.30" 

9.65" 

4.83" 

432.0 

18.99" 

9.50" 

4.75" 

440.0 

18.64' 

9.32* 

4.66- 

450.0 

18.23' 

9.12" 

4.56" 

1215.0 

6.75" 

3.38" 

1.69" 

1225.0 

6.67" 

3.34" 

1.67" 

1250.0 

6.56" 

3.28" 

1.64' 

1275.0 

6.43' 

3.22" 

1.61- 

1296.0 

6.33" 

3.16" 

1.58" 

Time  domain  reflectometry 

In  military  and  commercial  installations,  the 
time  domain  reflectometry  technique  is  used 
to  determine  the  performance  of  coaxial  cable 
systems.  Although  this  system  in  its  commer- 
cial form  is  much  too  sophisticated  for  most 
amateur  installations,  it  should  be  mentioned 
in  passing.  This  teclinique  uses  pulse-echo 
measurements  to  locate  points  of  impedance 
change  along  a  coaxial  transmission  line  and 
has  been  referred  to  as  a  "closed  loop"  radar 
system.  Here  a  fast  rising  voltage  pulse  is  re- 
petitively fed  into  the  transmission  line  under 
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Tobie  7.  Coaxial  cable  wavelength.  Amphenol  poly- 
foam  dielectric.  Velocity  of  propagation  =  0.80, 


Toble  8.  Coaxial  coble  wavelength.  Belden  foom- 

core  dielectric.  Velocity  of  propagation  ^  0.78. 


Frequency 
(mc) 

X           j 

X/2 

X/4 

3.50 

224'    9.82" 

112'    4.91" 

56'     2.46" 

3.75 

209'     9.96" 

104'  10.98" 

52'     5.49" 

4.00 

196'    8.58" 

98'    4.29" 

49'    2.15" 

7.00 

112'    4.90" 

56'    2.45-  ' 

28'     1.23- 

7.15 

110'    0.61" 

55'    0.31"  : 

27'    6.15" 

7.30 

107'     9.47" 

53'  10.74" 

26*  1 1.37" 

14.00 

56'    2.45" 

28'     1.23" 

14'    0.61" 

14.20 

55'    4.95" 

27'     8.48" 

13'  10.24" 

14.35 

54'  10.00" 

27'     5.00" 

13'    8.51" 

21.00 

37'    5.64" 

18'    8.87" 

9'    4.43" 

21.25 

37'    0.35" 

18'     6.17" 

9'    3.09 

21.45 

36'    8.20" 

18'    4.10- 

9'    2.05" 

28.00 

28'     1.23" 

14'     0.61" 

7'    0.31" 

28.50 

27'     7.31" 

13'     9,66" 

6'  10.83" 

29.00 

27'     1.60" 

13'     6.80" 

6'     9.40" 

1         29.70 

26'     5.95' 

13'     2.98" 

6'    7.49* 

50.0 

188.85" 

94.42" 

47.21" 

51.0 

185.14" 

92.57" 

46.29" 

52.0 

181.58" 

90.79" 

45.40" 

53.0 

178.16" 

89.08" 

44.54" 

54.0 

174.86" 

87.43" 

43.71' 

144.0 

65.57" 

32.79" 

16.39" 

145.0 

65.12* 

32.56" 

16.28" 

146.0 

64.67" 

32.34" 

16.17" 

147.0 

64.23" 

32.12" 

16.05" 

148.0 

63.80" 

31.90"      ; 

15.95' 

220.0 

42.92" 

21.46"      1 

10.73" 

222.5 

42.44" 

21.22" 

10.61" 

225.0 

41.97" 

20,98' 

10.49- 

420.0 

22.48" 

11.24" 

5.62" 

425.0 

22.22" 

11.11* 

5.55" 

432.0 

21.86" 

10.93" 

5.46" 

440.0 

21.46" 

10.73" 

5.37" 

450.0 

20.98" 

10.49" 

5.25" 

1215.0 

7,77" 

3.89" 

1.94" 

1225.0 

7.71" 

3.85" 

1.93" 

1250.0 

7.55" 

3,78" 

1.89" 

1275.0 

7.41" 

3.70" 

1.85" 

1296,0 

7.29" 

3.64" 

1.82" 

test;  impedance  changes  along  the  line  reflect 
some  of  the  energy  and  the  reflections  are 
viewed  on  an  oscilloscope.  Because  the  pulse 
travels  down  the  line  at  a  knox^n  speed  (de™ 
termined  by  the  velocity  factor  of  tlie  cable) > 
impedance  changes  separated  in  space  are  sep- 
arated in  time  and  appear  as  individual  "pips'* 
on  the  scope.  Furthermore,  the  shape  and  size 
of  each  reflection  is  indicative  of  the  type  of 
impedance  discontinuity  present. 

This  system  is  particularly  useful  in  large 
istallations   w^here   it   is   desirable   to   locate 
tphysical  deformities,  breaks  and  other  injuries 


Frequency 

X 

X/2 

X/4 

(mc) 

3.50 

219'     2.37" 

109'     7.19" 

54'    9.59" 

3.75 

204'     7.01" 

102'    3.51" 

51'     1.75" 

4.00 

191'     9.57" 

95'  10.59" 

47'  11.39" 

7.00 

109'     7.18" 

54'    9.59" 

27'    4.80" 

7.15 

107'    3.59" 

53'    7.80" 

26'    9.90" 

7.30 

105'     1.14" 

52'    6.57" 

26'    3.29" 

14.00 

54'     9.59" 

27'    4.80" 

13'    8.40" 

14.20 

54'     0.33" 

27'     0.17" 

13'     6.08" 

14.35 

53'     5.55" 

26'     8.78" 

13'     4.39" 

21.00 

36'     6.39- 

18'    3.20" 

9'     1.60" 

21.25 

36'     1.24" 

18'     0.62" 

9'    0.31" 

21.45 

35'    9.20" 

17'  10.60" 

8'  11.30" 

28.00 

27'     4.80" 

13'    8.40" 

6'  10.20* 

28.50 

26'  11.03" 

13'    5.51" 

6'    8.76" 

29.00 

26'     5.46" 

13'     2.73" 

6'    7.36" 

29.70 

25'  10.00" 

12' 11.00" 

6'    5.50" 

50.0 

184.13" 

92.06" 

46.03" 

51.0 

180.52" 

90.26" 

45.13" 

52.0 

177.04" 

88.52" 

44.26" 

53.0 

173.70" 

86.89^ 

43.43" 

54.0 

170.49" 

85.24" 

42.62" 

144.0 

63.93" 

31.97" 

15.98* 

145.0 

63.49" 

31.75" 

15.87" 

146.0 

63.06' 

31.53" 

15.76" 

147,0 

62.63" 

31.31" 

15.66" 

148.0 

62.21" 

31.10" 

15.55" 

220.0 

41.85" 

20.92" 

10,46" 

222.5 

41.38" 

20.69" 

10.34* 

225.0 

40.92" 

20.46" 

10.23" 

420.0 

21.92' 

10.96" 

5.48" 

425.0 

21.66" 

10.83" 

5.42" 

432,0 

21.31" 

10.66" 

5.33" 

440.0 

1        20.92" 

10.46" 

5.23" 

450.0 

20.46" 

10.23" 

5.11" 

1215,0 

7.58" 

3.79" 

1.89" 

1225.0 

7.52" 

3.76" 

1.88" 

1250.0 

7.37" 

B.SB" 

1.84" 

1275.0 

7.22" 

3.61" 

1.81" 

1296.0 

7.10" 

3.55" 

1.73" 

Without  complete  disassembly  and  examina- 
tion. Since  this  technique  indicates  the  nature 
of  the  problem,  it  is  possible  to  determine  such 
things  as  impedance  discontinuities  caused  by 
a  ti^tly  squeezed  cable  clamp  or  improperly 
installed  connectors.  In  one  case  the  time  do- 
main reflectometry  technique  showed  exacth 
where  to  examine  a  cable  in  an  antenna  tower 
to  find  a  cable  injury  caused  by  a  rifle  bullet. 
On  a  large  ship  a  mismatch  problem  was  pin- 
pointed and  upon  investigation  was  found  to 
be  in  the  vicinity  of  steam  pipes  that  had 
softened  the  cable  dielectriCp 
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Coaxial  cable  installation 

III  the  iiistallaliun  and  use  of  coaxial  tiuns- 
mLssion  lines,  there  are  seven  basic  rules  winch 
must  be  fcjilowed  if  the  most  advantageous 
use  of  the  line  is  to  be  realized.  These  are  as 
follows: 

1-     Select  cables  well  within  dieir  electrical 

ratings, 
2*     Do  not  specify  Teflon  dielectric  cables 

unless    the    power    ratings    or    ambient 

teniperatme  exceeds  the  safe  values  for 

polyethylene. 

Seal  the  ends  of  all  cables  during  stor- 
age to  preclude  damage  from  moisture 
and  dirt, 

4,  Do  not  irj stall  coaxial  cable  in  close 
proximity  to  *1iot  spots"  such  as  heat 
dissipating  resistors  or  vacuum  tubes, 

5*  Avoid  bending  radii  less  than  ten  times 
the  cable  diameter. 

6;  Use  hanger  straps  or  clamps  to  relieve 
stiain  on  long  cable  runs. 

7,  Use  the  least  number  of  coaxial  con- 
nectors possible;  they  increase  the  stand- 
ing wave  ratio* 


Long  coaxial  cable  runs 

When  long  horizontal  cable  runs  are  re- 
quired in  a  particular  installation,  die  coaxial 
cable  should  be  lashed  to  a  suspended  steel-re- 
inforced cable  messenger.  It  is  important  that 


the  proper  messenger  be  selected  on  the  basis 
of  length,  weight  and  climatic  conditions.  For 
most  amat(Mir  installations  where  cable  diame- 
ters are  less  tlian  %  inch  in  diameter,  and 
where  suspension  lengths  of  150  feet  or  less  are 
required,  steel-reinforced  messenger  cable  witli 
a  tensile  strength  of  80,000  pounds  is  satis- 
factorv.  The  coaxial  cable  is  then  lashed  to 
tlie  messenger  cable  with  liard  AWG  *12 
aluminum  lashing  wire.  The  easiest  and  most 
reliable  metliod  of  lashing  is  to  spirally  wind 
the  lashing  wire  around  the  coaxial  cable  and 
the  messenger •  Care  should  be  taken  so  that 
the  lashing  is  taut  and  pitch  is  uniform.  When 
coaxial  connectors  must  be  installed  along  a 
suspended  cable  run,  an  expansion  loop  must 
be  provided.  This  loop  allows  for  thermal  ex- 
pansion and  couhaction,  relieving  axial  stress 
on  die  connector^  and  elfectively  anchors  the 
inner  and  outer  conductor  together,  preventing 
relative  motion  l>etween  them. 

Selecting  coaxial  cable 

If  in  the  selection  of  a  coaxial  transmission 
line  the  impedancCj  attenuation  and  other  cri- 
teria are  optimized,  the  max  it  ji  inn  use  of  the 
cable  will  be  obtained-  As  an  aid  to  coaxial 
cable  selection,  Table  10  lists  all  of  the  RG-/U 
cables  in  common  use  today  along  \\  ith  their 
most  important  operating  parameters^  Foiuned 
ilexible  cables  are  contained  in  a  separate 
chart  at  the  end  of  tlie  RG-/U  listing. 


> 


CASLE   SECTKm 


GRID  DIP  METER 


QhPACnmCJE  METER 


> 


CABLI  SECTION 


OrrEHtt(NE  THE  LtMESI  RESOfiUIT  FREQUENCT  OF  THE  GAflLE 


MEASURE  THE   QftPADTftHlCE  OF  T«    GABLE 


Ffg,    18.  Test  arrangements  for  determining  cooxiof  cable  impedance 
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Table   10.  Coaxial  cable  characterisffcs. 


RG/U 

Type 

Inner           i 
Conductor 

Oietectrfc 
Mate  rial 

Jacket 

Shield 

Imped- 
ance 
(Ohms) 

Cap. 
(pf/fl) 

Engineerine  Data 

Attenuation 
in  db/lOO  ft 

Ma  v. 
Opr, 

Volts 
RMS 

RTax. 

Power 

Watts 

(g^50inc 

(100 
fnc) 

(1000 
mc) 

Mat 

strand 

Mat 

O.D. 

Inner 

Outer 

4 
5 

C 
C 

20AWG 
16AWG 

Al 
A! 

V 
V 

0,225 
0.332 

c 
c 

c 
c 

50.0 
52.5 

30.0 
28.5 

Replaced  by 
RG-5S/U 

2.6 

9.5 

1900 
3000 

300 
600 

5A 

SC 

16AWG 

Al 

NVG 

0.328 

sc 

sc 

50.0 

28.5 

2.4 

8,8 

3000 

600 

6 

sc 
cw 

0.051 

21  AWG 

Al 

Al 

NVB 
NVG 

0.328 
0.332 

sc 
sc 

sc 

c 

50.0 
76.0 

28.5 

20.0 

Now  designated  as 
RG-212/U 

2.4 

2.8 

8.8 
ILO 

3000 
2700 

600 
600 

6A 

cw 

0.0285 

Al 

NVB 

0.332 

sc 

c 

75.0 

20.0 

2.8 

ILO 

2700 

600 

7 

8 

c 
c 

19  AWG 

7/ao2a5 

A2 
Al 

V 
V 

0J70 
0,405 

— 

c 
c 

95.0 
52.0 

12.5 
29.5 

Replaced  by 
RG-G3B/J 

2,0 
2.1 

7.8 
9.0 

lOOO 
4300 

1445 

SA 
9 

1  ^ 

7/0.0235 
7/0.0285 

Al 
Al 

NVB 

NVG 

0.405 
0,420 

sc 

c 

c 

52.0 
51.0 

29.5 
30.0 

How  designated  as 
RG-213/U 

2.1 

2.0 

9.0 
8.5 

5000 
4000 

1445 
1445 

9A 

sc 

7/0.0285 

[ 
1 

Al 

NVG 

0,420 

sc 

sc 

51.0 

30.0 

2.3 

8.6 

4000 

1445 

9& 
10 

sc 
c 

1 
7/0.0285   1 

7/0.0285 

At 

Al 

NVB 

NVGA 

0.420 
0.475 

1 

sc 

SC 
C 

50.0 
52.0 

30.0 
29.5 

Now  designated  as 
RG-214/U 

2.3 
2.1 

8.6 

9.0 

■ 

5000 
4000 

1445 
1445 

lOA 
11 

'  c 

TC 

7/0,0235 
7/0,0159 

Al 
A! 

hJVGA 

0-475 
0.405 

c 
c 

52.0 
75.0 

29,5 
20.5 

RG-SA/U  with 
armor.  Now 
designated  as 
RG-2i5/U 

2.1 
2.1 

9.0 
7.8 

5000 
4000 

1445 
1445 

MA 

TO 

7/0.153 

Al 

NVB 

0.405 

— 

c 

75.0 

20.5     1 

2.1 

7.8 

5{)00 

1445 

12 

TC 

7/0.0159   ! 

Al 

NVBA 

0,475 

— 

c 

75.0 

20.5 

2.1 

7.8 

4000 

1445 

12A 
13 

TC 
TC 

1 

7/0.0159 

7/0J159 

1 

Al 
Al 

NVBA 
V 

0.475 
0.420 

c 

c 
c 

75.0 
74.0 

20.5 
20.5 

RG-UA/U  with 
armor. 

2.1 
2.1 

7.8 
7.8 

5000 
4000 

1445 
1445 

13A 
14 

TC 
C 

7/0.0159 
0J02 

Al 
Al 

NVB 
NVG 

0.420 
0.545 

c 
c 

c 
c 

74.0 
52.0 

20.5 
29.5 

Now  designated  as 
RG-216/U 

2.1 
1.4 

7,8 
0.2 

5000 
5500 

1445 
1280 

14A 
15 

C 
CW 

Oi02 
15  AWG 

Al 
Al 

NVB 
V 

0.545 
0.545 

c 
c 

c 
c 

52.0 
76.0 

29.5 
20.0 

Now  designated  as 
RG-217/U 

1,4 
1.58 

6.2  ' 

e.5 

7000 
5000 

1280 
1280 

IS 

CT 

0.125 

Al 

V 

0.530 

«. 

c 

52.0 

29.5 

1 

1.2 

6.7 

6000 

—      ' 

17     1 

C 

0J88 

Al 

NVG 

0.870 

— 

c 

52.0 

29.5 

0.85 

42 

UOOO 

7450 

17A 
17B 

IS 

c 
c 

0,188 
OJSS 

Al 
Al 

NVB 
NVGA 

0,870 
0.945 

— 

c 
c 

52.0 

1 

52.0 

29.5 
29.5 

Now  designated  as 
RG"218/U 

Cancelled. Assigned 
new  nomencla- 
ture as  RG' 1 77/U 

0.85 
0,85 

4.2 
4J 

11000 

1 

11000 

7450 
7450 

ISA 

c 

0.188 

Al 

NVBA 

0945 

■" 

c 

52.0 

29.5 

Now  destgnaled  as 
RG-219/U 

0.85 

4.2 

11000 

7450 

JULY  1966 


111 


RG/U 

Type 

Inner 

Conductor 

Dielectric 

Material 

Jacket 

1 

Shield 

Imped- 
ance 
(Ohms) 

Cap. 
Cp*/ft) 

Engineering  Data 

Attenuation 
in  db/lOO  ft 

Max. 
Opr. 
Volts 
RMS 

Max. 
Power 
Watts 

©SOrnc 

(100 
mc) 

(1000 
mc) 

Mat. 

strand 

Mat. 

O.D. 

Inner 

Outer 

19 

C 

0.250 

AI 

1 

L120 

— ■ 

C 

52.0 

29.5 

0.68 

3.5 

14000 

8400 

ISA 

C 

0.250 

Al 

NVB 

1.120 

— 

C 

52.0 

29.5 

Now  designated  as 

0.68 

3.5 

14000 

8400 

20 

c 

0.250 

Al 

NVGA 

1.195 

— 

c 

52.0 

29.5 

RG-220/U 

0.68 

3.5 

14000 

8400 

20A 

c 

0.250 

Al 

NVBA 

L!95 

^ 

c 

52.0 

29.5 

Now  designated  as 

0,68 

33 

1400C 

8400 

21 

HR 

0,0508 

At 

WVG 

0.332 

SC 

sc 

53.0 

29.0 

RG-221/U 

15.0 

46.0 

2700 

— 

21A 

m 

0.0:0s 

Al 

mn 

0.332 

SC 

sc 

53.0 

29.0 

Nqw  designated  as 

15,0 

46.0 

2700 

_ 

22 

c 

7/0.0152 

Al 

V 

0.405 

— 

TC 

95.0 

16.0 

RG-222/U 
Two  conductors 

3.6 

137 

1000 

— 

22A 

c 

7/0.0152 

Al 

NVG 

0.420 

— 

TC 

'      95.0 

16,0 

Two  conductors 

— ■ 

— 

1000 

— 

228 

c 

7/0.0152 

Al 

NVB 

0.420 

TC 

TC 

95.0 

16.0 

Two  contJuctor 
balanced  cable. 
Condyctors 

__ 

100« 

23 

c 

7/0.02S5 

Al 

V 

0.650 

c 

C 

1Z5.0 

12.0 

twisted 
Two  conductors 

1.7 

7.3 

3000 

600 

23A 

c 

7/0.0285 

Al        1 

NVB 

0.650 

c 

c 

125.0 

12.0 

Two  conductors 

1.7 

7.3 

3000 

600 

24 

c 

7/0.0285 

Al 

VA 

1.034 

c 

c 

12S.0 

110 

Two  CO  fi  due  tors 

1.7 

7.3 

zdm 

600 

24A 

c 

7/0.0285 

Al 

NVEA 

1.034 

c 

C 

125.0 

12.0 

Two  conducbrs 
RG^23A/U  wrih 

1.7 

7.3 

3000 

600 

29 

c 

20  AWG 

Al 

P 

0.184 

■^ 

TC 

53.5 

28.5 

armor 
Replaced  by 

4.8 

18.0 

1900 

300 

33 

c 

10  AWG 

Al 

Lead 

0.470 

— 

iJ^-i 

51.0 

30.0 

RG-58/U 

— 

6000 

34 

c 

7/0.0285 

Al 

V 

0X25 

C 

71.0 

2L5 

1.8 

7.5 

5200 

— 

34B 

c 

7/0.0243 

Al 

Nva 

0.630 

— 

c 

75.0 

21.5 

1,4 

5.9 

:2dQ 

— 

35 

c 

9  AWG 

Al 

NVGA 

0J45 

c 

71.0 

21,5 

0.7 

4.2 

lOOCO 

7450 

35  B 

c 

0.1045 

Al 

I^VBA 

0.945 

— 

c 

75.0 

21.5 

0.85 

3.6 

10000 

7450 

36 

c 

0.162 

Al 

V 

1.180 

— 

c 

69.0 

22.0 

^^ 

— 

13000 

— 

*2 

HR 

21  AWG 

Al 

NVG 

0.342 

sc 

sc 

78.0 

20.0 

Replaced  by 

17,0 

54.0 

2700 

54 

c 

7/26  AWG 

Al 

V 

0.275 

— 

c 

53.0 

27.0 

RG'21/U 
Replaced  by 

2500 

1 

54A 

c 

7/0.0152 

Al 

P 

0.250 

— ■ 

TC 

58.0 

26.5 

RG-54A/U 

3.1 

12.0 

3000 

— 

55 

1 

c 

20  AWG 

Al 

P 

0.206 

TC 

TC 

53.5 

28,5 

4.2 

16.0 

1900 

335 

55A 

sc 

0J35 

Al 

NVB 

0.216 

SC 

sc 

Sfl.O 

29.0 

4.8 

16.8 

1900 

335 

55B 

sc 

0,0320 

Al 

PB 

0.206 

TC 

TC 

53.5 

28.5 

How  designated  as 

4.8 

16^ 

1900 

335 

57 

c 

7/0.0285 

Al 

V 

0.625 

— >■ 

TC 

95.0 

17,0 

RG223/U 

Two  conductors 

3,0 

13.6 

3000 

— 

57A 

c 

7/0.0285 

Al 

NVB 

0.625 

— 

TC 

95,0 

17.0 

Two  conductors 

3.0 

I3.f. 

:?ooo 

— 

58 

c 

20  AWG 

Al 

1 

V 

0.195 

— 

TC 

53.5 

28.5 

42 

tf..0 

1900 

300 

5dA 

TC 

19/0.0071 

Al 

V 

0.195 

^- 

TC 

52.0 

28.5 

5J 

2?.0 

1900 

300 

586 

c 

20  AWG 

Al 

NVB 

ai9s 

— 

TC 

53.5 

28.5 

4,2 

no 

1900 

300 

112 
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RG/U 
Type 

Itiner 
Conductor 

Dielectric 
Material 

Jacket 

Shteld 

Imped- 
ance 
(Ohms) 

Cap. 

Engfneerfng  Data 

Attenuation 
in  db/lOO  ft 

Max. 
Opr 
Volts 
RMS  , 

Max. 

Power 

Watts 

<fi  SOmc 

(100 
mc) 

(1000 
mc) 

Mat. 

Strand 

Mat. 

O.D. 

Inner 

Outer 

58C 

TO 

39/0,0071 

Al 

NVB 

0  195 

— , 

TC 

50.0 

28.5 

1 

5.3 

22.0 

1900 

300 

53 

CW 

22  AWG 

Al 

V 

0.242 

C 

73.0 

21.0 

3.8 

14.0 

2300 

— 

59A 

cw 

0.0230 

Al 

1 

NVB 

0.242 

— 

c 

75.0 

21.5 

4.0 

14.0 

2300 

— 

598 

cw 

0.0230 

Al 

NVB 

0.242 

-. 

c 

750 

21.0 

4.0 

14.0 

230O 

— 

62 

cw 

22  AWG 

A2 

V 

0.242 

— 

c 

93.0 

13.5 

3.1 

10.0 

750 

— 

62A 

cw    , 

0.0253 

A2 

KVB 

0,242 

— 

c 

93.0 

13.5 

3.1 

,   10.0 

750 

— 

62B 

cw 

7/32  AWG 

A2 

NVB 

0.242 

— 

c 

93.5 

14.5 

■ 

3.1 

lO.O 

750  ' 

— 

63 

cw 

22  AWG 

A2 

V 

0.405 

— 

c 

125.0 

10.0 

1 

2.0 

7.0 

1000 

— 

63  A 
63B 

c 
cw 

22  AWG 
0,0253 

Al 
A2 

V 
NVB 

0.405 
0.405 

c 
c 

125.0 
125.0 

lO.O 
10.0 

1 

Replaced  by 
RG-63B/U 

2.0 
1.99 

7.0 
6.4 

1000 
1000 

i^ 

65 
65A 

F 

F 

32  AWG 

32  AWG 

Al 

Al 

V 

NVB    ' 

0.405 
0.405 

c 
c 

950.0 

950.0 

44.0 

44.0 

High  impedance 
video  cable  used 
as  delay  line 

1000 
1000 

71 

CW 

22  AWG 

A2 

P 

0.250   , 

TC 

TC 

93.0 

13.5 

3.1 

10.0 

750 

— 

71A 

cw 

22  AWG 

A2 

V 

0.250 

TC 

TC 

93.0 

13.5 

3.1 

10.0 

750 

1 

71B 

cw 

0.0253 

A2 

PB 

0.250 

TC 

TC 

93.0 

14.5 

3.1 

10.0 

750 

— 

72 

cw 

22  AWG     ' 

A2 

V 

0.630 

— 

C 

150.0 

— 

— 

— 

73 

c 

20  AWG 

Al 

1 

c 

0275 

c 

C 

25.0 

— 

. — 

— 

— 

74 

G 

10  AWG 

Al 

NVGA 

0.615 

c 

C 

5Z.0 

293 

1.4 

€.2 

&500 

1280 

74A 
79 

c 
cw 

0J02 
22  AWG 

Al 

A2 

NVBA 

1      VA 

0.615 
0.475 

c 

C 
C 

52.0 
125,0 

29,5 

10,0 

l^ow  designated  as 
RG-224/U 

1.4 

2.0 

6,2 

7.0 

7000 
1000 

1280 

79B 

83 

cw 
c 

0.0253 
10  AWG 

A2 
Al 

NVBA 
V 

0.475 
0.405 

— 

C 
C 

125.0 
35.0 

11.0 
44.0 

RG-&36/U  with 
armor 

2.0 
2.8 

7.0 
9.6 

1000 
2000 

^_ 

84A 

85A 
87A 

89 

c 

c 
sc 

cw 

0.1045 

0J045 
7/0,032 

22  AWG 

Al 
Al 

n 

A2 

rtVBL 

KVBA 
FG 

V 

LOOO 

1.565 
0.425 

0.632 

sc 

c 

C 
SC 

C 

75,0 

75,0 
SOO 

125.0 

21.5 

21.5 
29.5 

10.0 

RG^35B/y  with 
lead  sheath  in 
Ijeu  of  armor 

R&84A/U  with 
special  armor 

For  faplacement 
pufposes  only. 
Use  RG*225/U 

2.0 

7.0 

lOOOO 
lOOOO 

1 

1 

5000 
1000 

■ — 

93 
34 
94A 

c 
sc 

sc 

19/0.040 
19/0.0255 

19/0.0254 

F2 
F2 
F2 

FG 
FG 
FG 

OJIO 
0.445 
0.500 

c 
c 

C 
C 
C 

50.0 
50.0 
50.0 

29.0 
29.0 
27.0 

Replaced  by 

!    m-wm 

Now  designated  as 
RG-226/U 



— 

10000 
7000 

7000 

— 

100 

c 

19/0.0147 

Al 

V 

0.242  , 

— 

c 

35.0 

44.0 

— 

— 

2000 

— 

IQS 

TC 

7/28  AWG 

1 

Al 

WQ 

0.235 

— 

TC 

78.0 

24.5 

Two  conductors 

— 

— 

1000 

— 

1 

I 
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i 

RG/U 
Type 

Inner 
Conductor 

Dielectric 
Material  ' 

Jacket 

Shield 

Imped- 
ance 
(Ohms) 

Cap. 
(Pf/ft> 

Engineering  Data 

Attenuation 
in  db/100  rt 

IVtax* 
Opr. 
VcUs 
RMS 

IVIax. 
Power 
Watt* 

(*i  50m  c 

(100 

(1000 

MaL        Strand 

Mat. 

O.D. 

Inner 

Outer 

mc) 

mc) 

1 

108A 

1 

TC 

7/28  AWG 

Al 

NV8 

0.235 

TC 

78.0 

24.5 

Two  conductofs 

1 

IQOO 

— 

111 

C 

7/0.0152 

Al 

NVGA 

0.490 

TC 

TC 

950 

ifi.a 

Two  conductors 

— 

— 

1000 

— 

UIA 

c 

7/0.0152 

Al 

NVBA 

0.490 

TC 

TC 

95.0 

16.0 

Two  conductors 

— 

— 

1000 

— 

114 

cw 

0.007 

A2 

V 

0.405 

— 

C 

185.0 

6.8 

Special  low 
capacitance 

— 

«. 

1000 

— 

114A 

cw 

0.007 

A2 

NV8 

0.405 

"* 

c 

185.0 

6.8 

Special  low 
capacitance 

— 

■^ 

1000 

US 

sc 

7/0,028 

F2 

FG 

0.375 

sc 

SC 

50.0 

29.5 

■ — 

— 

5000 

■ — 

USA 

sc 

7/28  AWG 

F2 

FG 

0.415 

sc 

sc 

50.0 

29.5 

— 

— 

4O0O 

— 

n6 

sc 

7/0.032 

Fl 

FGA 

0,490 

sc 

sc 

50.0 

29.5 

Now  desffnated  as 
RG-227/U 

— 

— ^ 

5000 

— 

117 

c 

0J88 

Fl 

FG 

0,730 

'^— 

c 

50.0 

29.0 

Now  designated  as 
RG-2n/U 

^— 

"^ 

7O0O 

— 

US 

c 

ojsa 

Fl 

FGA 

0,795 

^~ 

G 

50.0 

29.0 

Now  desfgfiated  as 
RG^22S/U 

^^ 

-^— 

7000 

^— 

' 

U9 

c 

OJOZ 

Fl 

FG 

0.465 

c 

C 

50.0 

29.0 

High  temperature 

— - 

— 

6000 

— 

120 

c 

0.102 

Fl 

FGA 

0.525 

c 

C 

50.0 

29.0 

RG-119/U  with 
armor 

— 

— 

6000 

1 

1 

122 

TC 

27/36 
AWG 

Al 

NVB 

0J60 

c 

50.0 

29.5 

Same  as  RG-58A/U 
excepL  smaller 
size  and  lighter 
weight 

7.0 

1 

29.0 

1 

1900 

I 

124 

TCW 

22  AWG 

F2 

FG 

0.240 

^ 

TC 

73.0 

20,5 

Replaced  by 

RG-140/U 

— 

^ 

2300 

__ 

125 

cw 

26  AWG 

A2 

NV8 

0.600 

'^~ 

C 

150.0 

7.8 

Special  low 
capacitance 

■« — 

— 

2000 

— 

126 

HR 

7/0.0203 

Fl 

FG 

0.280 

^ 

HR 

50,0 

29.0 

High  attenuation 

— 

70.0 

3000 

— 

130 

c 

7/0,0285 

Al 

V 

0.625 

— 

TC 

95.0 

17.0 

Two  conductors 

— ■ 

— 

8000 

131 

c 

7/0.0285 

Al 

VA 

0.710 

— 

TC 

95.0 

17.0 

RG*130/U  with 
armor 

— 

— 

8000 

— 

133 

C 

21  AWG 

Al 

V 

0.405 

^- 

C 

950 

16.2 

— 

flOOO 

— 

140 

sew 

0.025 

Fl 

FG 

0.233 

^ 

SC 

75.0 

21.0 

High  temperature 
similar  to 

RG-59A/U 

— 

2300 

' — 

' 

141 

sew 

0.0359 

Fl 

FG 

0.190 

** 

SC 

50.0 

28.5 

— 

— 

1900 

— 

141A 

sew 

0.0359 

Fl 

FG 

0,190 

— 

SC 

50.0 

28.5 

High  temperature 
similar  to 
RG-58C/U 

— , 

1900 

142 

sew 

0.0359 

Fl 

FG 

0^06 

sc 

sc 

50.0 

28.5 

' — 

— 

1900 

— 

142  A 

sew 

0.0359 

n 

FG 

0.206 

sc 

SC 

50.0 

28.5 

High  temperature 
similar  to 
RG-55A/U 

— 

WO 

— ' 

143 

sew 

0,057 

Fl 

FG 

0.325 

sc 

sc 

50.0 

28.5 

— 

3000 

^- 

143A 

sew 

0.059 

Fl 

F6 

0.325 

sc 

sc 

50.0 

28.5 

High  temperature 
similar  to 
iG-SB/U 

— 

— 

3000 

— 

144 

[ 

sew 

7/0.0179 

fl 

FG 

0.410 

sc 

75.0 

20.5 

High  temperature 
similar  to           i 
RG-ll/U 

5000 

146 

ew 

0.007 

F3 

FG 

0.375 

^^ 

c 

190.0 

6.0 

High  temperature, 
low  capacitance 

— 

1000 

— 

147 

c 

0.250 

Al 

VA 

1.937 

— 

c 

52.0 

2S3 

RG-19/U  with 

0.68 

3,5 

14000 

8400 

armor 

114 

1 

n  MAC 

lAZlNE 

RG/U 
Type 

Co 

Inner 

nductor 

1 

Dielectric 
Material 

Jacket 

Shield 

Imped- 
ance 
(Ohms) 

Cap. 
(pf/ft) 

Engineering  Data 

Attenuatfon 
In  db/iOO  ft 

Max, 

Opr. 

Volts 

RMS 

1 

Max. 
Power 
Watts 

ffi  50m  c 

(100 
nic) 

(1000 
mc) 

Vat. 

Strand 

Mat. 

O.D. 

Inner 

Outer 

148 

C 

7/21  AWG 

Al 

VA 

0.800 

— . 

C 

52,0 

29.5 

RG-8/U  with  armor 

2.1 

9.0 

4000 

1445 

150 
149 

TC 
TC 

7/26  AWG 
7/26  AWG 

AI 
Al 

VA 
V 

0.405 

_"; 

C 
C 

75.0 
75.0 

^^ 

RG-149/U  wfth 
armor                 i 

Low  fioise              j 

^^ 

^^ 

^^ 

.- 

15S 
157 
1S8 

TC 

TC 
TC 

7/21  AWG 

19/24 

AWG 

37/.0284 

Al 

Al 
Al 

NVB 

NVB 
NVB 

0.5<0 
0.725 
0.725 

Three 

TC,  G 

Sam 

BG- 1 

Sam 

R6-1! 

braids 
S,  TC 
e  a$ 
5E/U 
eas 
i6/U 

50.0 

50.0 
25.0 

30.0 
38.0 
78.0 

— 

-* 

10000 
15000 
15000 

— 

159 

IPl 

SC 

SB 

20  AWG 

7/38  AWG 

F2 
FI 

FG 

N 

0.195 
0.090 

^_^ 

SC 
SC 

50.0 

70,0 

29.0 

20.0 

Replaced  by 
RG-142/U 

Miniature 

^^"" 

^ 

1000 

1 

^— 

164 

C 

0.1045 

Al 

NVB 

0.870 

0 

75.0 

— 

0.85 

3.6 

10000 

7450 

165 

SC 

7/0.032 

Fl 

FG 

0.410 

— • 

SC 

50.0 

— 

■ — ^'    1 



5000 

— 

166 

SC 

7/0.032 

FI 

FGA 

0.460 

— 

SC 

50.0 

— 

— 

— 

5000 

— 

174 

cw 

7/34  AWG 

Al 

V 

0.100 

— 

TC 

50,0 

30.4 

9.0 

30.0 

1500 

125 

177 

c 

0.195 

Al 

NVB 

0.895 

SC 

SC 

50.0 

— 

— 

— 

11000 

— 

17g 

sew 

7/,0039 

Ft 

K 

0.079 

-- 

SC 

50.0 

27.9 

— 

1000 

« 

178A 

sew 

7/.004 

Fl 

K 

0.075 

— 

SC 

50.0 

27.9 

' 

— 

1200 

— 

179A 

sew 

7/.004 

Fl 

K 

0.105 

— 

SC 

75.0 

— 

— 

1200 

— 

ISO 

sew  1 

7/.0039 

Fl 

K 

0.141 

— 

SC 

93.0 

153 

— 

— 

1500 

180A 

sew 

7/.004 

Ft 

K 

0.145 

— 

SC 

95.0 

14.5 

— 

— 

1500 

— 

181 

c 

7/26  AWG 

Al 

NVB 

0.640 

— 

c 

125,0 

12.0 

Tw0  conductor 

— 

— 

3500 

-*          1 

187 
ISS 

189 

sew 
sew 
e 

7/0,004 
7/0.0067 

0.251 

Fl 
Fl 
A2 

T 
T 

P 

0,110 
0.110 
0.875 

— 

SC 
SC 
SC 

75.0 
50.0 
50.0 

23.0 

Hrgh  temperature 

minrature  cable 

High  temperature 

miniature  cable 

— 

—    ■ 

1200 

i 

1200 
3500 

— 

190 
195 
196     ' 
209 

TC 

sew 
sew 
sew 

19/2S 

AWG 

7/,004 

7A004 

19/0  037 

D 
Fl 
FI 
F3 

SR 

T 
T 
Pf 

0.700 
0.155 
0,080 
0.750 

GS 
SC 

TC 
SC 
SC 
SC 

50,0 
95.0 
50.0 
50.0 

50.0 

Low  noise  pulse 

cable 
High  temperalure 

mmiature  cabie 
High  temperature 

mjnjalure  cable 

— 

— 

3500 
1500 
1000 

3200 

— 

210 

sew 

0.0253 

F2 

FG 

0.242 

^- 

SC 

93,0 

14.5 

Replaces  RG-62C/tJ 

3.1 

10,0 

750 

211 

c 

0J90 

Fl 

FG 

0.730 

— 

c 

50.0 

29.0 

Formerly  RG-117/U 

"  ■ — ■ 

7000 

212 

SC 

0.0556 

Al 

NVB 

0.332 

SC 

SC 

50,0 

29.5 

Formerty  RG-5B/U 

2.4 

1 

9.1 

3000 

600 

213 

c 

7/0.02% 

AI 

NVB 

0.405 

— 

c 

50.0 

29.5 

Formerly  RG-8A/U 

2.1 

9.0 

5000 

1445 

214 

SC 

7/0.0296 

Al 

NVB 

0.425 

SC 

SC 

50.0 

29.5 

Formerly  RG'9B/U 

2.3 

8.6 

5000 

1445 

215 

c 

7/0,0296 

Al 

NVBA 

0.475 

^^ 

c 

50.0 

29.5 

Formerly  RG  lOA/U 

2.1 

9.0 

5000 

1445 

1 

1 
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US 


1 

RG/U 
Type 

Inner 
Conductor 

Dielectric 
Materraf 

1 
1 

Jacket 

Shield 

Imped- 
ance 
(Ohms) 

Cap. 
(pf/ft) 

Eneineering  Data 

Attenuatloil 
in  db/100  ft 

Mix. 
Opr* 
Volts 
RIVIS 

Max, 
Power 
Watts 

@50mc 

(100 

(1000 

Mat. 

strand 

Mat, 

O.D. 

Inner 

Outer 

1 

mc) 

mc) 

216 

TC 

7/0.0159 

Al 

NVB 

0.425 

Q 

c 

75.0 

20.5 

formerly  RG- 13 A/U 

2.15 

8.4 

5000 

1445 

217 

C 

0.106 

Al 

NVB 

0.545 

C 

c 

50.0 

29.S 

Formerly  RG-I4A/U 

L4 

5.6 

7000 

12S0 

218 

C 

0.195 

Al 

NVB 

0.870 

— 

C 

50.0    ' 

29.5 

Formerly  RG-1 7 A/U 

0.% 

4.4 

HOOO 

7450 

219 

C 

0.195 

Al 

NVBA 

0.945 

— 

C 

50.0 

29.5 

Formerly  RG48A/U 

0.96 

4.4 

11000 

7450 

220 

C- 

0.260 

Al 

mu 

1.120 

— 

c 

SO.O 

29.5 

Formerly  RG49A/U 

0.69 

3.6 

14000 

8400 

221 

C       1 

0.260 

AI 

NVBA 

1.195 

c 

50.0 

29.5 

Formerly  RG-20A/U 

069 

3.6 

14000 

8400 

222 

HR 

0.0556 

Al 

NVB 

0J32 

SC 

SC 

50.0 

— 

Formerly  RG'21A/U 

15,0 

46.0 

2700 

— 

223 

SC 

0.035 

1 

AI 

NVB 

1 

0216 

SC 

1 

SC 

50.0 

29.5 

Formerly  RG-55A/U 

4.6 

16.8 

1900 

335 

224 

C 

OJ06 

Al 

NVBA 

1 

0.615 

c 

c 

50.0 

29.5     , 

Formerly  RG-74A/y 

1.4 

5.6 

7000 

1280 

225 

SC 

7/0.0312 

Fl 

FG 

0.430 

SC 

SC 

50.0 

29.5 

Formerly  RG^87A/U 

— 

5000 

— 

22fi 

SC 

19/,0254 

F2 

FG 

0.500 

c 

c 

50.0 

27.0 

Formerly  RG-94A/U 

— 

— 

7000 

227 

SC 

7/0.0312 

FI 

FGA 

0.490 

SC 

SC 

SO.O 

29.5 

Formerly  RG- 11 G/U 

-^ 

™ 

SO0O 

^- 

228 

c 

0.190 

Fl 

FGA 

0J95 

— 

c 

50.0    ' 

29.0 

Formerly  RG-IIS/U 

— 

— 

7000 

— 

235 

SC 

7/0,028 

FZ 

PF 

0.750 

SC 

SC 

50.0 

29.5 

RG-115A/U  with 
PF  jacket 

— 

^ — 

5000 

— 

23G 

c 

0J60 

Al 

Sea 
Shield 

0.5 

Alum. 
Tuba 

~~ 

50.0 

24.0 

0.8 

5.4 

1000 

^^ 

237 

c 

OIGO 

Al 

P 

0,6 

Alum. 
Tube 

—~ 

50.0 

24.0 

0.S 

5.4 

1000 

^—           ' 

244     1 

c 

dioa 

Al 

See 

OJ 

Alym. 

— 

75.0 

15,5 

0.74 

4J 

1200  , 

— 

Shield 

To  bo 

245 

c 

0.102 

AI 

P 

0.6 

Alym. 
Tube 

^— 

75.0 

15.5 

0.74 

4.S 

1200 

^— 

246 

c 

0,189 

Al 

See     , 
Shield 

QM 

Alym. 
Tube 

^ 

75.0 

15J 

0.42 

3.0 

2200 

^— 

247 

c 

OJW 

Al 

P 

1.02 

Alum, 

— 

75.0 

15,0 

0.42 

3,0 

2200 

— 

Tube 

Oiefeetrk  Materlats 

Al         Soltd  polyethylene 
A2         Air-spaced  polyettiyfene 
Fl  Sotid  tetFariuarethyiene  (Teflon) 

F2  Taped  tetr^fluDrettTylerre  fTetlon) 

F3         Air-spaced  tetrariuorethylene  (Teflon) 
D  Layer  of  synthetic  rut^ber  dieiectrtc  between  thin  layers 

dticting  rubber 

Conductor  and  Shield 

C  Copper 

CW  Copper-covered  steel  (Copperwefd) 

F  Formei  F 

HR  High  resistance  wire 

GS  Galvanized  steel 

SB  Silver-covered  cadmium  bronze 

SC  Silver-covered  copper 

sew  Silver-covered  cop  pa  recovered  $tefl 

TC  Tinned  copper 

TCW  Tinned  copper-covered  steel 


NVB 

NVBA 

NVG 

NVGA 

P 

PB 

PF 


FG 

FGA 

Sft 

T 

K 

N 

C 

Lead 


Jacket  Materials 

Low  temperature  black  polyvinylcblortde,  contaminating  type 

nlistjcizers 

Low  temperature  btacfc   polyvff^ylchlorfde^  non-contammatfng 

type  plasticizers 

Same  as  KVS,  but  with  armor 

Grey  polyvinylchloride,  non-contaminating  type  plasticRers 

Same  as  NVG,  but  with  armor 

Stabilized  natural  polyethylene 

High  molecular  weight  black  polyethylene 

Polyester  fiber  impregnated  witn  high  temperature  lacquer  over 

wrapped  or  extruded  silicone  rubber  over  silicone  impregnated 

fiberglass 

High  temperature  lacquer  impregnated  fiberglass  braid^,  usually 

with  Teflon  tape  between  shield  and  jacket 

Same  as  FG,  but  with  armor 

Black  synthetic  rubber 

Tetrafiuorelhylene  tTeflon) 

Kel-F 

Nylon 

Copper  braid 

Lead  sheath 
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Mb  11.  Foamed  dielectric  coaxial  cables. 


1 

Part 
No. 

RG/U 
Type 

Inner 
Conductor 

Die- 
lectric 

Material 

Jacket 

Shield 

Impede 

anca 
(Ohms) 

Cap. 
(P*/ft) 

Attenuation 
in  db/ 100  ft 

1 

1 

Mat. 

strand 

MaL 

O.Dv 

Inner 

Outer 

(100  mc) 

1(1000  mc) 

m 

1 

BELDEN  FOAMCORE 
1                1               1 

1 

^M 

|8211 

59 

CW 

22  AWG 

FP 

PB 

0.242 

C 

— 

80 

16.3 

3.4 

10.7 

8212 

59 

cw 

20  AWG 

FP 

PB 

0,242 

C 

— 

75 

17.3 

3.2 

13.8 

8213 

1 

8214 

11 

c 

14  AWG 

1 

FP 

PB 

0.405 

C 

75 

17.3 

1.5 

5.8 

8 

c 

7x  19 

FP 

V 

0-403 

0 

— 

50 

26.0 

1.8 

6.3 

8219 

58 

c 

19  x32 

FP 

V 

0.195 

C 

— 

50 

26.0 

4.8 

16.1 

1 

i 

AMI 

^HENOL 

POLYF 

0AM 

521-100 

11 

c 

14  AWG 

FP 

PB 

0.405 

C 

— 

75 

16.5 

1.4 

6.6 

521-111 

8 

c 

7x  19 

FP 

V 

0.405 

C 

1 

50 

24.5 

1.8 

7.2 

621-685 

62A 

cw 

0.023 

FP 

NVB 

0.242 

C 

— 

93 

14.5 

— 

— 

621-700 

59A  ' 

cw 

22  AWG 

FP 

V 

0.195 

C 

_ 

72 

17.0 

3.4 

13.1 

1 

» 

621-701 

59 

cw 

22  AWG 

FP 

V 

0a95 

C 

72 

17.0 

3.4 

13.1 

621-715 

59 

cw 

22  AWG 

FP 

PB 

0.195 

0 

^^ 

72 

17.0 

3.4 

13.1 

1 

Next  month  in  73: 
Another  special  book  featur 


The  Coaxial  Connector  Handbook 

by  Jim  Fisl<  WA6BS0 


And  in  the  September  issue- 


Coaxiai  Accessories 


by  Jim  Fisk  WA6BS0 


ULY  ]966 


117 


TENNA-BAL 


COAX 


JtHTl^HHA  -*^ 


^ 


trri>n    iiAtcfi  m%  ij*^ 


$10 


Qet  ppd, 
In  U.5.A. 


BROAD     BAND     BALUN 

•  Flat  in  the  amateur  bands 
from  3  to  30  Mcs.  m  Fulf  legol  power  •  Fufty 
weother  sealed  #  Matches  coax  to  antenna  or 
boldnced  line.  •  Improves  efficiency  and  radia- 
tion pattern. 

Two    models,    1    to    1    or    4    to    1     impedonce    ratio 
Size    11/4"   OD   X  4"   long.    Wt.  4  ox, 

FUGLE  LABSlsas  Watcltunf  Ave.,  PTilnfftld,  NX 


GIANT 


7 


Fe43ttur«s  new  diodt:  ov'trloaff  prot^tiUon.  s.harUng 
switch  pr;%tttiin    !%   precision  r«%i&lor^  ys^td 

DC  Votim:       1^0.5/2*5/10  SO  250,  500/1,000^5.000  , 

AC  VDlt«:        fr2.S/ltJ/50/350  SOO/l.OOq  UOK  9pv)     ! 

DC  Cuvrenf:  0  5  .a/lma750m*/250ma.'lA/10A. 

AC  Currant:  OlA/lQA. 

Ohrnit  0-lOK/lOOK/lM/lOOM. 

SHIPPED  PRCPAIO  WHEN  CMfCff  ACCOH^PAntlS  OftOl^    ^ 

~  "^       "  ELECTRONIC 
. PRODUCTS. INC 

LAWRENCE.     M A« t AC H U a E T T S 


FfiQM 


30K 


LARGEST  SELECTION  in  United  States 
AT  LOWEST  PRICES— ^8  hr.  delivery 

Thousands  of  frequencies  Fn 
stock.  Types  include  HC6/Up 
HC18/U,  FT-241,  FT-243, 
FT-171,  etc. 

SEND  104  tor  atrial  with  «ftctlltt<ir 
tlrtilti,   lifindici   en  irst  oritr. 

2400B  CrystsI  Dr.,  Ft  Mjrvft,  Ra.  33901 


WE  WANT   TO   BUY 

Surplus  Aircraft  Radio  &  Test  Equipment 

We    will     pay    cofh    or    trad«    you     (whatever    you    need) 
far   the    foMowrng    jt^ms: 

Test    Eqyipt.   Signal   Generators. 

Measurements    Corp,    Madels    65-B 
Eoonton    Sadio   Co.    Model*   232A,    23SA. 
HewlefJ-Pdckard   Co.    Models   &08D,   ^12A,    624G. 
Military    Models.     SG-lA,SG-a,    SG-13,    SG-^A,    MD83A, 
TS-510A. 

Aircraft   l4avigatton   &  Communication    Eqirjpt* 
ARC-34,      ARC  30,      AfiC  52,      ARC'73,      ARN-T4>      ARN-59, 
AAN-73, 

Aircraft   Instiumenff* 

I0-249A.    m-2S0A,    ID-251A,    10-351  A,    ID-3S7. 
We    ofio    want    late    fype   Aircraft   iodto   and   Rador  equip- 
ment manufactured  by  ColJint  Radio  iendix  Radio  and   Air- 
craft   Radio    Corp. 

Write,    Wire    or    Phone    if    you    can    lupply    any    of    theso, 
Atk    for   Norm    £ichner. 

Norman    Electronic   Sales 

14T3   Howard   St,  Chicago,   111.   6062  6 


GUARANTEED        RECONDITIONED 

HAM    GEAR 


Ptwm  {41 S) 


WRITE  NOW 

FOR  MONTHLY 
FLYER. 


999  HOWARD  AVE- BURLING AME,   CAL. 


H^TWO-WAY* 

COMMUNICATION  CRYSTALS 

AMERICAN  CRYSTAL  CC. 
PO  BOX  2366  KANSAS  CITY,  MO. 


(Contimtcd  from  page  4) 

size,  weight,  reliability^  niggedness,  power 
drain,  ease  of  circuit  construction,  and  in 
many  cases,  simplicity,  performance  and  cost* 
Yet  the  1966  ARRL  Handbook  gives  semicon- 
ductors, except  for  sihcon  diodes,  very  short 
slnnft.  Tliere  is  a  short  chapter  on  semiconduc- 
tors in  geneiaL  Then  the  receiving  chapter 
mentions  and  illustrates  a  transistor  mixer  for 
below  20  MHz  with  a  very  old  transistor,  a 
simple  if  system  with  older  transistors  and 
two  rf  amplifiers.  This  58  page  chapter  on 
receiving  also  contains  two  transistor  construc- 
tion projects,  a  four  transistor  regenerative 
receiver-code  practice  oscillator,  and  a  tran- 
sistorized Selectoject, 

The  81  page  transmitter  section  devotes  a 
little  over  half  a  page  to  transistor  output  cir- 
cuits. It  also  describes  a  simple  rf  powered 
keying  monitor  (a  similar  device  is  described 
in   the  chapter  on  monitoring). 

The  power  supply  chapter  has  a  number  of 
schematics  using  silicon  diodes,  but  doesn^t 
L\Lu  mention  zener  diodes.  There  is  a  long 
section  on  VR  tubes,  even  though  zeners  are 
far  more  versatile,  smaller,  and  usually 
cheaper. 

The  VHF  receiver  uses  two  transistors  in 
the  audio  section  of  a  420  MHz  unstabilized 
transceiver. 

The  VHF  transmitting  chapter  uses  IN34 
diodes  as  rf  voltmeters  for  tuning  the  trans- 
mitters. 

The  mobile  equipment  chapter  is  at  the 
same  time,  most  conscious  of  transistors,  and 
yet  most  sin-prising  since  it  uses  taansistors  in 
at  least  some  of  the  modulator  and  power 
supply  circuits,  but  uses  tubes  in  all  the  con- 
verters, though  one  does  have  a  transistor 
mixer  and  oscillator. 

The  test  ec}uipment  chapter  includes  an  ex- 
cellent pulsed  two  tone  oscillator  for  SSB  and 
other  checks.  There's  also  a  field  strength  me- 
ter with  a  transistor  meter  amplifier. 

The  reference  chapter  on  vacuum  tubes  and 
semiconductors  gives  no  data  on  transistors 
except  for  the  common  basing  diagrams.  The 
reason  is  obviotis:  there  are  w€*ll  over  5000 
transistors  now  being  manufactured  and  tlie 
ARRL  apparently  didn't  desire  to  try  to  choose 
from  among  them  for  recommended  devices. 

In  view  of  the  above  uses  of  transistors  in 
the  ARRL  Handbook,  I  don't  feel  that  the 
most  prejudiced  reader  could  state  that  the 
ARRL  Handbook  covers  transistors  very  well. 
Hence  my  question. 

So  I  was  very  happy  to  have  tbe  chance 
to  hear  Byron  Goodman  \\  IDX,  editor  of  the 
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Handbook,  speak  on  the  role  of  semiconduc- 
tors in  amateur  radio  at  the  AHRL  National 
Convention,  His  talk  answered  my  question 
about  their  tieatment  of  transistors. 

WIDX  apparently  regards  transistors  as 
novelties.  He  seems  to  feel  that  people  will 
get  over  their  enthusiasm  for  transistors  one 
of  these  days.  He  didn't  mention  whether  he 
expects  people  to  go  back  to  tubes  or  whether 
he  expects  something  better  to  come  along.  Of 
course,  there  are  better  things  coming,  such 
as  FET's,  with  many  of  the  advantages  of 
both  tubes  and  transistors,  but  he  didn't  men- 
tion them  in  his  talk.  I  guess  be  fust  over- 
looked  them. 

Here  are  some  of  WlLXX's  points  about 
transistors: 

1,  The  CK722  (the  first  transistor  commer- 
cially available  to  hams)  wasn^t  so  great. 

2.  No  ti-ansistor  front  ends  are  as  good  as 
tube  ones,  as  far  as  he  knows.  [This  would 
nndoiil>tedl\'  come  as  a  suiprise  to  many  engi- 
neers.] 

3*  Good  transistors  are  exj>ensive  so  hams 
use  tbem  only  when  they  can  steal  them, 
[How  many  tubes  can  you  buy  new  for  46c 
I  and  even  less?  Aside  from  RF  power  uses, 
I  most  transistors  are  cheaper  than  equivalent 
pitubesj 


ARROW  SPEC 


FOR  JULY 


BC-946  Broadcast  bond  command  receiver.  Exc.   $27.50 

RIOA   ARCT2    Broadcast    bond,    ,,.,., 529-95 

R13A   ARCT2   108  to  135  mc  turntable.    ..,     .$29,95 


MOTOROLA  Transistorized  micrcphone  TMN6000A  or 
similar.  Complete  with  coiled  cord — used  but  guar- 
anteed.     «  ^  ..»<*..«■■  * ,  ^  .....-.*.  ,  I:po*V3 

MOTOROLA     Speaker    TU324A    mobile,    good    condi- 
**  S4  95 


MOTOROLA  Control   box  TU555Z    like   new. 


$6.95 


TUNING    FORK    FRiQUENCY    STANDARD    500    cycle 
.001%      accuracy.     Removed      from      new     equips 


NICKLE   CADMIUM    CELLS.    1.2  volt   4   AH $1.49 

RG8A/U    Patch   cord.    15   feet   wtth    PL259   each   er^d. 
New.    . .   $1.69  each,  3  for  $4*50 

ARROW   SALES  CHICAGO,   INC. 

2534   S,    MICHIGAN    AVENUE 
CHICAGO,  ILLINOIS  60616 


METRO   ELECTRONICS 

Formerly  Wiltiam  ond  Cortlandt  Sh 

Now  of 

81   W.  Broadway,  Comer  Warren 

New  York  City 

Six   blocks   norfh   of  old   location. 
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ST0P1  LOOK II  RIAD!!r 

$T.OO  will  frame  &  display  60  QSL 
Cards  in  3  of  our  20  compartment 
plastic  holders,  or  $3.00  gets  10  hold- 
ers for  200  Cards,  Order  now^ — elimi- 
nate fhe  mutilation  &  heodoches  of  the 
obsolete  methods,  S*  have  a  neat,  at- 
tractive shock  instantly.  Prepaid  & 
guoranteed. 

Free  somple  avoilabie  to  Dealers, 

Tipil^,   Bit  198N,   gallatlii.   Tton.  37066 


PRICE  BREAKTHROUGH  ON  BEAMS 

FULL  SIZE;  Tnnm;  complete  nilh  bc»s  And  kiar4v&re;  SWfi  1:1: 
liondles  &  KW;  adJoiUble  entire  hmA;  %**  tnd  I''  alum.  tlloF 
lublng;    cflaxlftl   feed; 

3  El  20     -,»,.,,.,, $22  00 
2  El  20  16  00 

4  El  10  ,  .  , 18-00 

ALL  BAND  VERTItAl:  VUO    (G 

UUAOS:    NEW:    MAX:    ALL   HKTAL    (except   instiUtors)    Cublc^il 
l|uu(is:  2   El:  ftill  fii'^*^^  rampleu*  ffith  hoom^  all   lisirdwiiri':  terrifir 
gjiin  and  diFOdLvitir;  \\v^\  nun^  cvtir  mads:  no  bamboo:  20  meter 
$25;  15  mtur  |24;  n-mit  wRh  order;  ahipped  ^ip,  coU. 
GOTHAM,  1805  Pirdv  Avt..  Deft.  73.  HEami  Beaeti.  Fla.  33139 


3   El   15 

$16-00 

2  El  15 

12.00 

4   El     6 

__.._..    15.00 

liiru  160) 

. ._   18.95 

PLATE  TRANSF0RMERS^$39,95 

3600-0  3600  VAC  #  1000  Ma.,  CCS,  with  120/240  VAC  60 
c|is  primary.  Comnifrclal  quality  trrits  manitfactarcd  by  WaD.icr 
EUctrie  C«.  measure  13''  hiiih,  12''  wide,  ami  9"  deep.  Net 
weight  U  83#,  Price  $39.95  F.0.B.  Mlnneaporis,  0ne  ye^r 
yTicortdltlanal  money  bach  giarantfie.  Ttrm^:  Chsch  or  M.O.  with 
arder.    Imincdiate    diltvery.    Writi   or    Ptiane: 

PETER  W.    DAHL  CO- 

401  4th  St.,  S.   E.  Mififieapolis.   (Minnesota  55414 

Til:  612-338-9077. 


BROADBAND   FEHRITE  BALUN 


2-aO   MC 

2  KW  P.E.P. 


Completely    Weatherproof    "^ 
1:1  or  4:1   Ratio   (apecify)    *^ 


Mounting  for  Beam 
DipoJe 


or 


Hearly  perfect  characteristics  are  obtained  by  the  usi^  dl  law 
lois  fernte  materials  and  special  winding  techniques.  The 
transformer  is  completely  encapsylated  in  plastic  to  assure 
freedom  from  moisture  or  shock  damape.  Model  601  Is  de- 
sipned  for  a  la  ratio  (50  ohms  unbalanced  to  50  ohms  bal- 
anced) ajid  the  Model  601A  is  available  for  applications  re- 
quiring a  41  ratia  (50-200  ohms  or  75-300  ohms).  Each 
unit  is  supplied  with  a  U6S8A/U  Ctype  N)  fitting  to  provide 
superior  weal  her  resistance. 

I1S.95  Fill  Pwtut  with  natlni  Ufi21l/U  add  $1.00. 
Write  for  diti  ihttt  tr  i«f  ytir  l«eal  ditlir 

TRANSLAB 

4T54  Federal  Blvd. 


INC. 

S9R  DieEQ.  Calif.  92102 


METRO   ELECTRONICS 

Formerly  Williom  and  Cortlondt  St. 
Now  of- 

8T  W.  Broadway,  Comer  Warren 

New  York  City 

Six  blocks  north  of  old  location. 


VHF-UHF 


Converters  and  Preamps  for  50  thru  432  Mc. 

Write  for  literature. 
Send    far  a   sample   copy  of   the  VHF'er,    the 
only     magazine     for     VHF     and     UHF     hams. 
Parks  Electronics^  41S  S.W-  First  Beaverton,  Oregon 


4.  Transistors  are  prone  to  overloading  ai 
internioclulation,  [So  are  tubes  if  they're  n 
handled  properly.  Transistor  ciieuits  can  gii 
excellent  results  if  designed  properly*  Als 
note  that  the  darling  of  the  ARRL  these  da; 
is  tlie  7360  tube,  which  tliey  use  as  a  mixer 
avoid  the  overload  and  cross  modulation  froi 
more  conventional  tubes.  It  costs  aboi 
$3.75,  roughly  the  same  as  an  FET  that 
excellent  for  this  use.]  • 

5.  Transistors  are  compact,  but  this  isn 
too  important  since  equipment  can  be  mac 
too  small  for  easy  tuning-transistors  are  fin 
for  CB  equipment  [what  a  red  herring]  sint 
they're  on  fixed  channels,  but  not  neeessar 
fur  tunable  equipment. 

6.  Transistor  VFO's  tend  to  drift  and  area 
stable.  [Sure,  if  they're  not  designed  properh 
But  if s  a  lot  easier  to  make  low  drift  transit 
tor  oscillators  than  tube  ones,]  \ 

7.  Transistor  output  circuits  are  weird  an 
unfamiliar  looking,   [Enough  said,]  ^ 

8.  Transistors  don't  work  well  in  parallel  a 
one  tends  to  hog  the  current.  [Tubes  in  para 
lei  tend  to  oscillate,  but  that  can  be  prevente 
easily.  Likewise,  equalizing  resistors  are  usuj 
with  transistors  in  parallel,]  I 

9.  Varactor  triplers  are  all  right  for  \'HI 
[But  there'ie  no  practical  ones  in  the  HB.]  1 

10.  Transistors  are  all  right  for  VHF  lo^ 
noise  amplifiers,   [None  of  those  in  the  HL 

either,]  I 

11.  Silicon   diodes   are  excellent  if  you*r 

careful. 

12.  Transistors  are  easily  adaptable  t 
etched  circuits,  but  etched  circuits  aren't  to 
practical  for  individuals.  Maybe  some  da 
enterprising  small  manufacturers  will  mal 
boards  for  projects  in  electronics  magazine 
and  sell  them,  [They  have  and  do.  Even  QS 
has  had  projects  like  that.]  • 

I  got  the  impression  that  WIDX  felt  thi 
hams  have  little  reason  to  use  transistors  e^ 
cept  in  mobile  equipment  and  that  othc 
equipment  using  transistors  uses  them  for  th 
novelty  value.  Is  that  why  Motorola,  RC/ 
Scott,  Ra\i:heon,  Davco  and  others  are  usin 
tr^isistors?  For  novelty? 

I  don't  think  so.  I  feel  that  hams  shoul 
make  every  attempt  to  keep  up  witli  modei 
practice  if  we  are  to  justify  our  existence  an 
not  to  be  left  behind,  ignored  and  discreditei 
Most  amateurs  learn  their  first  amateur  rad' 
from  ARRL  books.  Will  these  hams  stay  b* 
hind  the  times?  Or  will  they  discover  model 
practices  elsewhere?  Or  will  the  Handboc 
be  brought  up  to  date?  For  the  sake  of  ha 
radio,  I  certainly  hope  so- 

.    ,     i.    x^a 
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SILICON  Br-SWITCH  7  amp  200  pW,  used  in  AC 
phase  control  and  famp  dimmers.  Circuit  for  750 
watt  lamp  dfmmer  included,  2  for  $1 

SILICON  NPN  MICROTRANSISTOR.  silicon  pranar 
eprtaxiaL  Vcbo  40  vorts.  V<:*«>  15  volts,  150  mw. 
100  mc,  with   specification  sheet-  2  for  $1 

^SIUCON  BI-DIRECTIONAL  TRANSISTOR.  PHP* 
NPN.  2N1640.  2  for  »l 

m  - 

IL1CON    MESA    POWER    TRANSISTOR.    85    w^atts, 
2N424   NPN-  2   for  $i 

Experimenter's  package.  Your  choice  of  any  12 
of  the  above  for  $5. 

CRYSTALONICS  FET  (Freld  Effect  Transistor)  with 
spec  sheet.  See  December  73  for  more  informa- 
tion on  FET's.  $1.00  6/$5 

SILICON   DIODES   SPECIAL 

800  PIV  400  ma  $3,00/12     30*  each 

1000  PIV  Studs  2  amp  $10.00/12     $1,00  each 

150  PIV  35  amp.  Used,  guaranteed,  with  mount- 
ing  hardware-  $5.00/6  $1.00   each 

LIGHT  ACTIVATED  SCR  25  volt  200  mil.  Myriads 
unusual  devices  possible       $1.00  each  6  for  $5.00 


RAUSCH  &  L0M8  NAVY 
7     X     50     BINOCULARS 

Brand  new,  coated  tens. 
fndivJduat  focus,  with 
case^  straps*  filters.  B 
and  L  cost  $279.50, 
Magnificent  handheld 
Navy  gfass.  Waterproof, 
dustproof.  $95,00 


SILICON  PLANAR  TRANSfSTOR.  Mintatore  pan- 
cake, TO-46  1,8  watt,  100  mc,  45  volt  2N2900 
family  3  for  $1.00 

PNP  PLANAR  SILICON  POWER  TRANSISTOR 
60  volt  20  watt  25   mc.  $1.00  each   6  $5.00 

An  unusual  assortment  of  high  priced  transistors, 
mesa,  power,  etc.  AN  factory  marked  first  quality. 
Limited    quantity    on    hand.    Your    choice    at 

2  for  $1.00 

2N339/A  —  2N49S/A  —  2N547/B  —  2N549 
2N549/A  —  2N656  —  2N656/A  —  2N657  — 
2N657/A  —  2N770  —  2N1700  —  3N35 

6  AMP  SILICON  DIODES, 
CERAMIC    INSULATED    BASE. 


1.000 

PIV 

$1.50 

400  PIV 

.75 

800 

1.25 

200 

,50 

600 

1.00 

100 

.25 

JOHN  MESHNA  JR. 

19  Allerton  St.|  Lynn^  Mass, 


New  1966  catalog  hot-^jff-the^press.  Wo  keep  no 
mailing  lists.  Send  254  for  the  best  80  page  cat- 
alog we  have  ever  printed.  More  bargains  than 
ever  before. 


Simple  Noise  Filter 


This  simple  noise  filter  may  be  added  to 
^our  present  communications  receiver  with  a 
iiinioiuni  of  parts  (one  part).  It  will  pro\ide 
^011  with  many  more  hours  of  operating  pleas- 

•e  if  such  sounds  as  liigh  pitched  heterodynes 
,nd  static  crashes  bother  you.  The  speaker 
lutput  impedance  is  3.2  ohms  on  the  HQ-145 
;o  which  this  filter  was  added  but  should  work 

[ually  well  on  receivers  of  other  output  im- 
edances. 


NEW  ARRIVALS— CLASSY  "JUNQUr* 

TI   audio   output    traiisi^lor,    or    moil- 
^»  ^--*        uUtor,  One,  class  A,  20  w  owtput  or     |1.50  Ca. 
ZN-Z55Z        moduUtion.    Two,    class    B,     100    w         J/t^  ^iA 

mitput.    Two,    class   C    100    w   mod*        •fr/#ii*i»u 
iiliitit>».   Requires  heat   sink. 


212-50 


800  PIV.   750   ma.  \Vt2iTIN«K0L'SK 
I'RIMK 


4/$3.00 


SPEAKER 
OUTPUT 

XFMR 


NOf^lZONTAL 
WJDTH    CONTROL 


Almost   any  old  TV  horizontal   width   coil 

Will  work.  The  one  I  used  had  a  sliding  iron 

:are  shig  and  an  inductance  of  approx,  2-17 

jiH*  The  screw  type  would  work  just  as  well 

*ut  the  sliding  slug  type  is  quicker  to  adjust* 

.    ,    .    K0T6R 


ZAP-1 


2*    CRT,    for    lOOV,    200V,    TS-34, 
BB.L\D   NEW 


2"  ttiii-metal  shield,   for  abovi^,   NE'W 


$6.25 


$2,50 


11  pin,  blk  bsikelite,  rinE  VAi6  soekot 


39<^ 
3/$110 


OHTibiiia- 

tions 


2AP-1     &    shield     tS.'lH    2AP  1     & 

Hc>ek*^t   $BTin   2AP-L   shield   k   sockH 
$0.75    4   sTts   for: 


$2S.0O 


filter 

choke 


3    hJT,    325    ohm,    TO    dsa,    350wv, 
CfTAiDJe  termiimls.    I   LBS. 


4/(3.00 


filter 
choke 


8TANC0R,   1   hry.  43  ohm.  300  run.      jj  qq  ea. 
lOOOwT  SaddJt  mt.  wife  leads.  2  LB.s.      ^ 

CABINETS— CHEAP 

AmpUlier.  hy  l^VR-Mj■r^AL.  17"  i  7"  x  3" 
Hiiije^ls  loMl  hfl^ht  9":  with  bottom  plate. 
BRAND  NK\V,  btil  paint  peelinjc  in  ^Msts. 
12  LBS.  J^hip.  tft. 

$3.50  ea. 


Sloninf  front,  19"  X  12"  ni  Uiltuui,  7"  at 
Top.  12*  hffh,  4>4"  frorai  bottom  to  stait 
of  slope  BRAM>  NKW.  lef^s  frput  panel.  12 
UB?^.  ship.   wt. 

$3.50  ea. 


B  C  ELECTRONICS 

Telephone   312  CAIumet  5-2135 
till  S.  Mithigon  Ave.  Chicago^   IHinofs  60616 
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WANTED   TRADE  OR  CASH 
URN-3   TEST  EQUIPMENT 

HAVE  BRAND  NEW  SWAN.  DRAKE.  GONSET,  etc. 

NEED  OS-54,  SG-121,  TS-890,  TS-«91,  MX-l&2r,  MX-2229, 
GftA-34,  URN-3,  GRN-9,  SRN-6,  TRN-14,  TRN-17,  TEST  SETS, 
ANTENNAS,  PARTS,   MAJOR  ASSYS. 

ALVARADIO   INDUSTRIES 

31 01    PICO  BLVD.   SANTA  MONICA,   CALIF.   904O5 
Phone  213-B70-02T6  Ask  for  Harry  W6ATC 


MARIN 

AMATEUR   RADIO 

SUPPLY 

COMPLETE  STOCK  ALL  BRANDS 
BUY  &  SELL  USED 

70  Woodland  Avenue 
San  RafaeL  California  94901 


FITS  ANY  LB.  OR  HAM  ANTENNA 


THIS  RIGID  CKiOKTED  STEEL  AUTENItA 
MOUNT  FASTENS  TD  YOUR  CAR  TRUNK  LID 
\n  MINUTES  .  .  .  AND  ND  80DY  HOLES  ARE 
NECESSARY  SEE  THESESUPERfDR  MOUNTS 
AT  YOyH  DiSTRfiUTDR  DEALER  DR  REM»T 
M.95  (CHECK  OR  MO  J  TO  II  MOBILE 
ANTENNA  MOUNT  IliC..  P.Q  fiOl  271 
AL GONAD.  MICHIGAN.  (Mklii£ifi  rtildtnti  idd 
4fi  Sires  lu} 

SPECIFY  ANTENNA  MOUNT  HOLE  DESIRED 
(H'^K" -SMALL  DR  MEDIUM  BALL) 


B'2  MOtlU  AHTBHHA  MOUNT 


CATALOG 


WorM's    ''BtSl   BUYS'' 
if}   GOV'T,   SURPLUS 
Electronic    Equipment 


fULL   OF   TOP   QUALITY   ITEMS  -  TransmTtters, 
Receivers,  Power  Suppftes,  InverJers^  Mkrophones, 
Fthers.    Meiers,    Coble,    Keyers,    Phor^es^    Antennos^ 
Chokes,  Dynomotors,  Blowers,  Switches,  Test  Equip- 
ment    Headsets,     Arnplifiers^     Indtcatort^     Hondsets, 
Converters,  Control  Boj^es,  etc.,  ete.  SEND  25f,*  (stamps 
or  coin)   for  CATALOG   ond   receive   SOtf   CREDIT  on 
yogf   order.   Address    Dept,   7J 


FAIR    RADIO    SALES 

P.O.  Box  1105   •  LIMA,   OHtO   •   4S802 


J^  Price — ^52  per  25  words  for  non-commercidl  ods;  $5  per 
25  words  for  business  ventures.  No  disploy  ads  or 
ogeticy  discounh   Include  your  check  with   order. 

it  Type  copy^  Phrose  ond  punctuate  exoctly  as  you  wish 
it  to  oppcor,   Ko  oll-copitol  ods. 

it  We  will  be  the  iudge  of  sulobility  of  ods.  Our  respon- 
sibility for  errors  extends  only  to  printing  o  correct  od 
in  o  later  issue. 

it   For  $1  exfro  we  can  inointoin  a  reply  box  for  you. 

it  We  cannot  cheek  into  each  odvertiscr,  %q  Covcat 
Emptor   .    .    . 


CW  FILTER,  500  cycles.  No  receiver  alterations^  plui^s 
into  phone  jack.  6  DB  jrain.  $26.50,  Gtiarant^ed,  North- 
west Electronic  Repair,  11557  Evans  ton  Norths  Seattle, 
Wash. 

HALLICRAFTERS  SX-llf  Receiver,  Perfect  condition. 
Manual  and  original  carton.  $250.  C-  McDowell,  W7UB, 
2455  SW  MontKomery,   Portia nd»  Oregon. 

QSL's  Free  Bamplea,  Soir-fulchessiecl  f^tamiied  envelopet 
Hamprin-   Box  235^  Troy,   Michij^an   4K084* 


QSL  CARDB7?7?  Largest  variety  sampleB  2oC,  Sakkers 
Printery,    WHded*    Hollaud«   Michigan. 

6")2-n5  Volt  CSunBel  G6fiB  receiver  S49.  G77A  Trans- 
mitter SftU.  Super  6  Converter  lU,  80-10  Coil-Whip*Mount 
$fl.    K6KUQ,  2812  10th,  Arcadia,  Calif, 

SCR  16  amp  prv  LOO.  diodes  200/150  ma  lO/LOU,  KG 
ISAU  coax  .07  ft.*  mixeil  sfe  fiiseg  25/LOO,  gla^'^fl  P-  c» 
board  t3  x  7  1.00  taritalex  capacitors  7B/30v  4/lJ)0. 
5  p.s.t.  rotary  switch  4/ LOO-  mi  seed  crystals  10/L76,  Be^t 
deals  uri  new  ham  sear  wend  and  see.  used  sear  wanted, 
HirM'h  Sales  So,  211*  California  Dr.  BuffaU),   N.   Y.   1422L 


A 


FACTORYWIRED.  FTT,  sequence  keyed  Ranker   I,  some 
scratches.    Good  electrically-   Now  have   transceiver.   Bar- 
gain at  $100.  Dean  Straw,   KH6DKD/1.  D4,  386  Prospect      ^ 
Street.  New  Haven,  Conn*  77101  W 

WANTED:  Copy  of  8  Oct  1956  issue  of  LIFE  magaasine 
Make  otfer,  W5NKG,  R,  Lent.  5634  Seaeomber,  San  An- 
tonio,  Texas   18242. 

JACKSONVILLE,  ILL.  ARC  annual  hamfest,  July  10. 
H)66.  For  information,  WN90XH,  Secretary,  1010  Dayton 
St.  Jacksonville,   III.  62650. 

WABASH  VALLEY  ARA  annual  VHF  picnic,  Sunday 
July  SI,  At  Turkey  Run  State  Park,  about  40  miles  north 
fjf  Terre  Uaute»  one  mile  off  U.  S.  Route  41  and  on 
Indiana  Route  47,  Swap  tables^  eyeball  QSO's,  enter- 
tainment for  the  ladies.  For  more  information  contact 
KaEBK,  Wabash  Valley  ARA,  Box  SI,  Terre  Haute. 
Indiana,  4T808. 

HQ170,  $200.  Heath  Apache,  $125.  SB-10»  $50.  All  in 
excellent  condition.  Will  deliver  300  milcB.  W.  L.  John- 
son,   W5FPI/6,    205    Mar    Vitita    Drive,    M^mterey,    Calif. 

RTTY  mod  26  commercial  transistorized  TU  &  Osc. 
Aligned  ready  to  go.  My  cost  $125,  HT  32  one  owner, 
excellent  $225,  Stan  Mi  In  K6RMR,  2912  Overland  Ave., 
Los  Angeles,   CaliL   110064. 
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GONSET  SIDEWINDER  6  Meter  Tran^sceiver  with  AC 
and  DC  supplies*  $350,00  or  trade  for  T?T  WA9WP,  Vic 
Mattein,  1200  South  Hough  Street,  BarnnKton,  IlL 
60010. 

QSL  RUBBER  STAMP  S"  x  5".  Free  sample  impresisions 
and  blank,  complete  stamp  $5«00  F*  P,  D,  Other  ham 
stamps   $1.00   up,   Wes's   Shop   WlFP.   RFD   1,   Ameabury, 

Mass*  oiyia. 

ALL  MAKES  of  new  and  used  amateur  e*iuipnient. 
Write  or  call  Bob  Grimes,  89  Aspen  Road,  Swampscott, 
Mass.  Tel:  617-5^8-1*700  or  617-E98.2G80> 

JULY  BARGAINS:  Drake  2  A  $150.  TR3  AC  supply 
$485-  Globe  King  400-D  $195,  HQ-1T0  $175.  Heath  HA-20 
tB9.  Valiant  $159.  Lafayette  HE45A  &  HE61A  $95. 
NCX-3  ?235.  NCX-5  §550.  Swan  240  $239,  Many  other 
barjrains-  Write  for  Hat  and  trades.  Fieck  Radio  &  Sup- 
ply Co.  Tenny  Freck  W4WL,  38  Biltmore  Ave^,  Ashe- 
ville,   North   Carolina. 

COMPONENTS  BARGAINS:  Transformers,  tubes,  me- 
tei's,  capacitora,  receiving  and  transmitting,  resLstorst 
^xed»  variablet  coaxial  iittinjifg,  switches,  tube  sockets. 
Free  list-  Ken  Maas  W^AZA,  Burling:toiit  Wisconsin, 
53105, 

CLEANING  HOUSE:  Keyer  $10.  B.  C,  amc  VFO  with 
power  sup|>ly  $15.  6mtn  Ameco  converter  with  power 
supply  $40,  20W  novice  xmtr  80,40  S16.  RME  69O0  & 
speaker,  like  new  $225.  Lettlne  242  (need  Mod  xfmr. » 
$15.  AR2  rotator  &  box  $15.  First  check  takes  any  of 
all.  You  pay  shipping.  Harvey  Lawrence,  WB2GVF 
RD  2.   Bath,  N,   Y,   14810, 

iri^ ^ — ^ 

PERFECT  HQ-lTtAC  like  new  $250.  Knight  T-^0  ISO. 
Clyde  Freed  K7WMM  2317  Lindley  Way.  KJamath  Falls, 
Oregon   97601, 


MOTOBOLA    new    miniature   seven    tube    455    kc    if    am- 
FliHer   discriminator    with    circuit    diagram.    Complete    at 
$2.50    each    plus    postage   50<^    each    unit.    H    and    R    Elec^ 
troniesj  1953  South  Yellowsprings*  Springfield,  Ohio, 

CONVERTERS.  World's  iargest  selection  of  frequencies. 
Ham  TV  vidicon  cajneras  and  parts  at  low  factory-direct 
prices.  See  them  all  now  In  our  full  page  ad  in  this 
Issue.  Vanguard  Labs,  196-23  Jamaica  Ave.,  Hollis,  N.Y. 
11423. 

■  P _M  J] 

WE  WILL  PAY  CASH;  Wanted,  popular,  late  model 
unmodified  amateur  equipment.  Highest  prices  paid  for 
clean*  good  operating  gear.  Write  Graham  Radio,  Dept, 
10,  Reading,  Massachusetts. 

ARE  YOU  SINCERE?  Are  you  really  looking  for  the 
best  deal  on  a  new  or  fully  guaranteed  used  unit?  Let 
us  convince  you  with  a  specific  quote  that  will  really 
save  you  money.  Graham  Radio,  Dept,  10,  Reading, 
M  ass  ach  u  set  t  s . 

WfiSD      10th      ANNUAL      HAMFEST      PICNIC— Sunday 

July  24 — Door  prizes,  eont^^tSg  fabulous  program  for 
family— Dollar  dona  tion^W  rite  W6SD  Hamfest,  2814 
Empire,    Burbank,   Calif.    91504, 

THIRD    ANNUAL   INTERNATIONAL    HAM    FEST   will 

be  held  at  the  International  Peace  Gardens  on  the  border 
between  North  Dakota  and  Manitoba  on  Saturday  after- 
noon, July  16  and  Sunday,  July  17.  For  further  informa- 
tion contact  Robert  Withey,  WA0HUD,  Willow  City» 
North  Dakota* 

WOULD  YOU  BELIEVE*  a  Heath  DXIOOB  $135.00,  Na- 
tional   NC-173    $80.00,    RME    DB-23    Preselector    $20.00, 

First  offer  over  $200.00  gets  everything,  including  a 
JT30  mike,  antenna  relay,  and  crystal  calibrator.  K3CHJ, 
Jim  Toth,  2201  West  Chester  Pike*  Bruomall,  ,Penna., 
19008,   (near  I'hiladelphia) 

ELM  AC  A54H  (converted  12  volts) »  Murrow  Converter 
5BR,  12  volt  Westinghouse  dynamotor.  $60.00.  K20ZM, 
9900  Pine  Ave.  Niagara  Falls,  New   York. 


THE  SNACK  OF  W2XCQ 


IDENTIFY 

YOUR 

SHACK 


mr 


Your  coif  aflractTv*Jy  dtiplayed,  inside  ^r  ouriide.  Lo»fi  for 
y^art.  2'/^  x  17%  inch,  cuilqm  mode — fully  gu&mnf^d — 
disrincfive  design  of  quality  rust  proof  olummMm;  finished 
In   rich,   btack   enetmeL   Beaded^   R:efloctlv«r   Raised   bttenng. 

Door  or  Wall  mount  (f»ictMred} $1 .45 

Mailbox,  lawn  stake  or  Post  mounts  with  citfractive  alumi- 
num   frames   (view    from   otlherside) — ^state   type   with   ord«r 

$4.45 

Postage    Paid    tn    U^S.A. 

McCALL   PRODUCTS 

P.O.   Box  567  Marion,   Indiana  46952 


^ifhai Xack  "punch'? 

The  model  CPR  Speech  Compressor  TRIPLES  your 
average  SSB  output  power;  boosts  your  average  AM 
moduJation  from  25%  to  75%. 

•  NEW   low  noise   circuits 

•  Mounts  on  panel  connector 

•  Uses  internal  battery 
«  Connpression   level   switch  ^      m 

•  Low  distortion  output  ONLY        ^ 

•  For    high    and    low    impedance     d;i4QC 
micfophones  4)i*t«tj 

•  Attack  ttme.15  seconds;  release  time  I  to  3  seconds 

•  PL68    or   PL51    output  siighffy  higher. 

ALL  FULLY  WARRANTED  .  .  .  MONEY  BACK  GUARANTEE 
Srntl  Tor  fnll   description  of  our  prftdiict   line. 

COMMUNICATION  COMPONINTS  COMPANY 

p.  O.  Box  8721       Dept  D       Orlando,   Florida   32806 


ELECTROLYTICS — C    D:    SPRAGUEr    MALLORY 


2  X  45  mfd  350  VDC 
30/30/10    mfd    300 

VDC 
35/35   mfd  450  VDC 

30   mfd  450   VDC 
80/SO  mfd  350  VDC 
16/16   mfd   450  VDC 
20/10/10    mtd    300 

VDC 
40/40/100    mfd 

150/150/50  VDC 
125  mfd  450  VDC 
+  150  mfd  +  250 

VDC 


10  mfd/   250  VDC 
10/10  mfd   450  VDC 
50/50   mfd    100   VDC 
8  mfd  450  VDC 
30/10   mfd   300   VDC 
10   mfd   250   VDC 
20   mfd  450  VDC 
+    150  mfd  ^    150 

VDC 
3  X  to  mfd  450  VDC 
50/ TO/ 10/60  mfd 

350/350/350/25 

VDC 
80/80   mfd   450   VDC 

MIX   THEM   OR    MATCH    THEM— ALL    @    $.30    each 
or   4/1,00 

NEW  *   *   *   * 
R/C  Duol    150  mmf  Variable  Copocitor  only   K85 

RELAY^ITS   V  AC  60  cy  20  ma  "Half  Wove"   2.00 

with    Diode   2.25 

All   €i|iai|lfli€nf    subject   to   pripr    sate« 

Aild  25<^   for  postage 

Government  Warehouse,    Inc. 

264  Shrewsbury    Avenue,    Red    Bank,    New   Jersey 


METRO   ELECTRONICS 

Formerly  William  and  Cortlandt  Sh 
Now  Qt 

81   W,  Broadway,  Corner  Warrei 

New  York  City 

Six  blocks  nortk  of  old   location. 
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Interested  in  VHF? 

Then  why  not  send  for  a  free  sample  of  the 
VHF'er  Mdgazrne.  Ifs  devoted  entirely  to 
serious  VHF  and  UHF  hamming.  It  contains 
articles  by  well-known  and  capable  VHF'erSp 
Alt  who  want  to  improve  their  knowledge  of 
VHF  are  invited  to  subscribe. 

Subscriptions  are  $2  a  year  (foreign  $3} 

The  VHPer 

Parks  LaboratofieSf  419  SW  First,  Beauertofit  Oregon 


ALL  BAND  TRAP  ANTENNA  ! 


r 


R  ed  iftt  1 11 1  erf  en  net  in  d 
Wtlw  on  Atl  Mak«i  SKort 
Wavi  Reeelfert.  Mahfii  Worltt 
WItfa  Aeceptlon  Stronger. 
Cleanr  oe  All    Bandil 


For  ALL  Amattir  Transmit' 
ten.  Gsaranteed  far  1000 
Watti  AM  2000  SSB  Pi- 
Net  or  lEnk  Diriet  Fc^ed. 
Liflhtp     Nut     Wistherproof. 


Completo  u  ibovn  total  lotigth  IQ%  tL  mitt  m  ft.  of  72  »bm 
baluiccd  twinlijae.  Hi- impact  mol<}e4  resotnnt  trapi,  (Wt  3 
02,  1'*  I  5"*  hmfl.  Y«i  jift  tifie  to  desired  banri  for  beaxnlike 
rewlta  Excellent  for  ALL  world- wide  aborL-wa?e  recelTers  and 
amateur  tranaini iters.  For  NUVICE  AND  ALL  CLASS  AMA- 
TEUBSS  NO  EXTRA  TUMER9  Oil  QADGlTrs  NEEDED! 
Eliminatefl  5  separate  antennaa  wLth  excellent  perform  ante 
guaranteed.     IncoflipkiOBS    for    Fissy    N«lghhorhooils1    No    HAY- 

wmB      mum      appearance  i      easy      ihstaixationi 

Complete  IiistruetiaiLS. 

If  i5'^^"^^'^^   ^^^  *"^^   Compme   , , . $17. »5 

40-20-15-10  meter,  54-ft,  (best  for  jwl't)  Complete  ,.  116.95 
SEND  ONLY  13.00  (owfc,  ck.,  ao)  ud  pay  [jostmiin  l>alaiiw 
COD  plus  postjige  on  arriFul  or  send  full  price  for  postpiili) 
delifery.  Con>plete  Installation  &  technical  instmctiona  fur- 
jjished.   FYet   Information  on   many  other    luO-6   metw   aiitennafj. 

AfaDable  only  from: 

MfDWAY  ANTENNA  i 


Dfipt  A7*5  •  Heamey,  Nebraska 


Bock  Isitie  Bononxa 

Curt  up  this  wlntar  with  20  ossorted  fascmatmg  bock 
issues  of  73,  They'll  keep  your  mind,  imoginQtion  and 
soldering  iron  worm  through  the  cold  nights.  Our 
choice  (but  on  excellent  one,  of  course)  at  this  low 
price.  20  fcN"  $5- 

Cheapskate's  Assortment 

Eight  fabulous  bock  issues  of  our  choice  for 
$2. 


d  puny 


Single  Back  Copies 

individual  bock  issues  ore  504  op'rece  except  olf  ot 
1960,  February,  Morcb  and  April  1961,  and  June  qnd 
November  1962,  which  are  $1.  Jonuory  1961  ond 
December    1962   aren't  ovoMobte. 

Bound  Valumes 

J  962  ond  1963  bound  volumes  are  beautiful  ond  $15. 
We^re  going  to  moke  up  more  1964  ond  some  for 
1965.  but  it'll  toke  a  While, 

Binders 

Binders  ore   ovoiloble   through    1 960-6 1,    1962,    1963 

1964,   1965  and   1966.  TboyVe  $3  apiece  ond  if  you 

order  them  Dottie  wili  hate  you  'couse  they're  hard 
to  wrap. 

73   Magazine  Peterboraugh,  N.  H.  03458 


METRO   ELECTRONICS 

Formerfy  William  and  Cortlandl  Sh 
Now  at 

81   W.  Broadway,  Corner  Warren 

New  York  City 

Six  blocks  north  of  old  location. 


LATEST  S0EB3  with  DC  Supply  and  Mounting  plat 
$225.00.  WA2FSD  Martin  Siegel,  11  Btirbury  Lane,  Htea 
Neck.  New  York,  Tel:   516  482-2737- 

GALA%T  V,  like  new.  AC  power  supply  with  epeake 
console.  DC  power  supply  and  complete  mobile  installa 
tion  includinsr  Hustler  antenna  for  30*  40  and  20*  $525 
Gerald  Boles,  5305  North  Drexel  Street,  Oklahoma  City 
Oklahoma.  WI  2-3159.  ^ 

FREE  ZENEE  DIODE  and  listing  of  our  capacitors 
resistors,   semiconductors,   transformers^   and   F.M.    equip 

ment*  Send  self-addressed  stamped  envelope  to:  Sura 
bachi   Electronics,   214   E,   Brett,   Inglewood,   Calif.   90302 


WANTED:  Hallicrafters  S-36  VHF  receiver;  RMI 
DB22A  preselector.  Write,  stating  condition  and  price 
KSPRE.  Edward  E.  Kowalski,  7B7  South  Third  Street 
Philadelphia,  Penna.   19147, 

EICO  HSB  TRANSCEIVER,  752  DC  Power  Supply*  nol 
assembled,  751  AC  Power  Supply,  never  on  air,  S300-00. 
Milo  Heckt,  W0TKU,  926  Jay  Ave,,  Rapid  City.  S.  Dak 
57701.  ^ 

WANTED:  MILITARY,  COMMERCIAL,  SURPLUS,  Air* 
borne.  Ground^  Transmitters,  Receivers,  Testers,  Acces* 
sories.  Especially  COLLINS,  We  pay  freight  and  Cash. 
RITCO  POB  156,  Annandale,  Virginia  (703)  660-54Sa 
COLLECT I  I 

HT-41  $180.  NC  183-D  $120,  Viking  Valient  $1S0, 
BC221  Frequency  Meter  w/AC  Supply  $75.  Johnson  TR 
Switch  $15,  Heath  Q  Multiplier  $8.  Pair  4-  250tli 
w /Sockets  $40  new,  6  UBC  4  Transceivers  converts  tc 
2  meters  $10  each.  I  wilj  ship  anywhere  USA,  WSCPZ, 
901   East   "F"    Street,    Iron    Mountain,    Mich.    49801. 


TR  150  (80-6  mtrs.)  $58,  Ameco  Converters  for  6  and  2j 
$13  each.  Converter  power  supply  $0.  Gonset  G — 76  plusl 
DC  supply  (both  almost  new)  $160  K2QHT  6S  Rnbkv 
Drive,  Hauppauge,  New  York  51B-AN-5G479.  W 

GALAXY  V  Complete  with  Speaker  Console  and  A.C 
Power  supply.  Galaxy  2000  +  Linear  Amplifier  (2  K.W 
PEP)  with  A.C.  Power  Supply,  Value  $949.00.  Thi? 
equipment  haa  never  been  used,  in  original  cartons 
Won  at  the  Dayton  Hamvention.  Offers  over  SBOO,OC 
will  be  considered,  WA8QEY,  J,  H-  Meixner,  2401  Mor- 
nings tar  Ct,  Kettering,  Ohio,  45420. 


SALE   OR   SWAP:   JOYSTICK   Antenna    System,    excel^ 
lent  condition.  Make  offer.  Mitchel  Katx,  W2KPE  147-11 
76th  Avenue.  Flushing,  New  York  11367. 


APACHE  AND  MOHAWK  Heathkit  gear  in  very  proo* 
condition.  Factory  checked,  $325  or  best  off  en  R.  Mils 
sich  K9ECK,  405  Price,  Calumet  City,  IllinoiB. 

CLEGG  THOR  VI  complete  with  both  AC  St  DC  Powe 
Supply /Modulators,  two  cords,  manual,  original  cartons' 
Two  years  old,  jnat  returned  from  Clegg  factory  re 
aligned   perfect.    $350,00    FIRM:    Shippe<l    charges    col  lee 

receipt  ftrst  Money  Order,  George  Hay  mans  WA4NED 
Box  468,  Gaineaville,  Georgia. 

APARTMENT  BOUND,  Swap  excellent  41  ft,  E-Z  wa: 
crankup  tower.  Hornet  tri-bander,  preferably  for  kilo 
watt  Matchbosc,  Removal  deal  only,  Blosser.  W8DBK 
Chagrin   Falls,   Ohio. 

DX-lOO  xmtr,  perfect,  w/op*  manuah  SI. 00.  Dage  deaigr 
TV  camera,  w/vidicon,  RF,  video  jeep,  tubes,  schema  tics 
$125.   Bert  Gathercoai,  W9QAP,  50  Westward  Ho.  North 

lake^  Ilh 

DRAKE  T4X  Txrar.,  R-4  Receiver,  T4X  Power  Supply 
Thunderbolt  Amplifier — Roy  Anderson,  Box  2116,  Wil 
liamson,   West  Virginia  25661. 

TECHKICAX  MANUALS:  ARC-27.  CV-116/URR,  |3.5< 
emeh.  BC-1031,  FGC-l,  ARN-6,  $3,00  each.  Many  others 
List  lO^f.  S,  Consalvo.  W31HD,  4905  Eoanne  Drive 
Waahington,  D,C.  2002L 
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MUST  SACRIFICE  mint  HT-37*  Ol-it^inal  owner,  pur- 
chased new.  First  certified  check  for  $275  ttikeg  it*  Ship 
express  collect.  W8EWP,  722y  Saratoga,  HeynpMaburg, 
Ohio  43068- 

IOWA  75  METER  Phone  Net  Picnic*  Aiig.  14,  1966, 
McHose  Park,  Boonep  Iowa.  Contact;  Dr.  J.  H-  RobinsoTi, 
iUBj   782-1710. 

FEDERATION  OF  LONG  ISLrAND  Radio  Clubs  Annual 
Picnic  and  Ham  Test.  July  17  at  Hempstead  Town  Park, 
Point    I^jokout,    L.L    Contact:    W2NOS. 

SPRTNCFIELD    Amateur    Radio    Club    Annual    Haniiest 

17  July,  1966  at  Clark  County  Fairgrounds,  4  mi  SE  of 
Springfield,    Ohio  on    Route  41, 

SOUTH  KRN  COUNTIES  Amateur  Radio  Assoc  of  New 
Jersey  wiii  hold  its  annual  outing  28  Auff.  E^g  Harbor 
Lake.  Eg^  Harbor  City,  N.J.  Contact:   W2TUR. 

ROGUE  VALLEY  Amateur  Radio  Clubs  will  host  the 
Orei^on     Amateur    Radio     Assoc    Annual     Convention     on 

Aug*  26-27,  Speakers,  Contests,  Swap-f?ihop,  Entertain- 
ment.  Contact:    K7WXR,    Medord,    Ore. 

BLUEBOOK  prices  save  money.  Take  10%  off  these 
prices  without  trade-ins.  KWMT— $29&.00 ;  HW12— 
SllB.OO:  NCX3  -$219.00;  Galaxy  ;^0n  $171^.00:  Commu- 
nicator S/6M— $149.00  ;  NCL2000^$479.O0  ;  Thunderbolt 
— $a49,00  :  7&A4— $479.00 :  SX99— $99,00  ;  SX117~ 
$259,00;  HQUO — ^134,00;  DXlOO— $99.00  :  AF67— $59.00. 
Hundi-eds  more.  Free  list,  WRL,  Leo,  W0GFQ,  Box  919, 
CounciJ  BluB's^  Iowa. 

BUILD  WIJJL's  popttlar  CPO-CWM  fcode  practice 
oscilSator-CW  monitor)  from  the  July  1965  73,  paife  32. 
The  predrilled  board  with  component  locations  silk- 
screened  on  it  IB  cmly  5fJ<5.  The  board  with  all  parts 
mounted  on  the  board  is  SS  and  the  unit  assembled  in 
an  attractive  cai^e  is  a  remarkable  $7,05,  Order  today 
from  the  Harris   Co*,  6G  E.   Main   St,   Torrin^ton,   Conn. 


16(1—2  METERS.  HQ-170AC  with  Ameco  2m.  Nuvistor 
Converter  and  6m,  preamp— $250.  Johnson  250  watt 
Matchbox  with  R.F.  power  meter— $S5-  WA9NHQ,  Bill 
Gode,   1036  Hillside^  Northbrook,  111. 


LINEAR  ANTENNA,  PATCH:   HalHcrafters  HT-31,  600 

Watts  cw  flsb,  excellent  condition,  new  SllA'S,  3B28'a, 
$110.  New  Hy-Gain  80-20  meter  doublet,  248BDQ,  parti* 
packaRo  factory  sealed,  $22.  Johnson  phone  patch,  excel- 
lent, $12.  Wilt  ship  at  my  expense^  manuals  included, 
upon  receii>t  of  check.  Stan  Fiedler,  K8RPA,  1400  Pox- 
eon,   LanBinff,  Michigan,  4S910. 

NCL-2000*  $400,  late  serial  number.  Hallicrafters  FRR* 
274/SX73,  $160-   SBE-34,  late,   $S00.   SO'   Rohn   #25  tower 

and  Hum  M  rotor,  $150.  W7WRS,  1708  Valley  view,  Laa 
Vegas,  Nevada. 

AN  ASSORTMENT  OF  6  ATV  EXPERIMENTERS,  only 
$1  while  they  last.  73  Magazine,  Peterborougrh,  N.  H. 
03458. 

25  WORDS  FOR  $2,  Sell  or  buy  through  these  want  ads, 
a  terrific  bargain.  Caveat  Emptor,  73  Magazine,  Peter- 
boroufirh,  K.  H.   03458. 


1963     BOUND     VOLUMES     OF    73,     $15    each     from    73, 
Peterborough,  N.  H.   03458. 


COMMUNICATIONS   RECEIVERS— an   excellent   booklet 
from  the   RSGB,    Limited  number  available  for  only  50^ 

each. 

73  Magazine,  Peterborouirh,  N.  H.   03458. 


IJOVICE    AND    TECHNICIAN    HANDBOOK  by    W6SAI 

and    WfiTNS.    Limited    quantity    for    only    $2,50    each.    73 
Magazine,   Peterborough,  N.  H,   0S458, 


SEND    US   YOUR  zip   code. 
N.   H.   03458. 


73  Magazine^   Peterborough, 


GIANT  MIKE  SALE 


MODEL  4&4X 

Ou  island  ills  ^"f  iratioJi  micri>DhOfi«  Single  'st^barnj  (Llmilftd 
¥CiJc«)  freqi,i«nC¥  response  ot  300-3000  C.PS.  AtErictiv«  tei«|^i>rte 
bTack  Mtin  finish  on  aft  mtimi  alfoy  ca$«^  May  be  wired  tor  VOX. 
Comei  wked  for  pumh  to  talk.  Mai  extra  lock-on  switch  fof  continuous 
transmission.  Complete  wuh  coited  cord  [Three  conduclor — one 
^eldsdj.  OutiHjl  l«vel  it.  ^4a  db.  Uet  Pricm  IMJO 


MODEL  454C 

Same  at  Model  *^x  except 
eiement.  Outout  lev^ei  ~S2  ab. 


ti\H  fieat  and  humidiry  pro^f  ceramic 


Q   Dynamic  mobile  mike,  600  ohm  imp. 

3  condfone  slii'efdec/Jcol/ed  cord. 

66  db.    300  to  6,000  cp.s. 


;...,jiSALE  $12.99 


THE  TUftNEPI  TllANSlSTORIZ£fl 


''^^^>^ 


Lilt  FKlCC 
■  €»9Cl 


SALE  $26.99 


WITK  VAilABLE  OUTPUT  LEVEL 

How.  from  Tum«r  ccffKi  the  very  hn*%t 
b«»  stiition  mi^rop)^Qn«  <v*r  (t««ignetf< 
th4  4EJ  It^lu^et  a  Fwi^  innfTStor  pr*^ 
■mp  With  volljmfl  control  to  gt¥c  you  Up 
Id  50  timn  tht  duljHJt  ipw*l  you  no*  Imnc- 
V«£.  juit  dill  your  deu^ecJ  signal  lof  m^ju- 
mum  moduUtiOrt  mil  the  time  —  eMfy 
(jm«.  You  can  worli  dm*  or  fir  iwiy  tfom 
Ifii*  microphone,  of  change  tti*  output  lor 
.1  biR  or  tittle  wDnce. 

Fvpntually,  iM  s*t4  lose  tome  of  their 
mtliij  potwer  turner  &  4S  PiJt^  the  7ip 
b*eli  into  yiMjr  ftet  an4  Jieept  it  up  to  full 
tfnpnftr}  et  air  f ime&l 

THeCCi  hi^  iidored  frequency  re- 
tponw  0f  3OQ-35O0  c.ft.s.  fdf  best  ami 
fliirtfit  i/oice  irjrKsm4»tons  With  Pmochrtd 
4&»n  iMal  ntfltP  miHrference. 

iicJyirA  toLichtoUtk  or  lock  oni  off 
jwitfjpiir-K  — '  me  4tA  'wortis  «nm  ail  tube 
tu  tranfJilor  tMi  rvfardlru  of  swiitct^mg 
fequitrcirnenti  Or  type* 


FIELD 
STRENGTH 

and 
SWft  METER 


SALE  $8.99 


$1S.95 
Model  FS'45 


truEiihihJiiiiin    unTt    thai    ^vilt    }(ivl*    fctatiie    fiL'l 
Ntrcn|k[ih     rcjdiniifi^     in     fur^urd     ^nd     rL-ncclud     pnvtiT. 

iTiunitiirinK^  tiF  t/.aiiMniiK'r  tHii|iut  Mt:fi:i  hj»  hcn^itivt:'  UNI 
niiL-rosiihp  muvvRuMtE  wiiJt  ima^^Dliir  bulJ  i:aikV'li^^i.'ad 
Hcali!.  Indiviiluailfy  bn^t.'^il  utth  ifiHiructiun**^ 


GROVE    ELECTRONICS 


3256  N.  PULASKI  RD.     CHICAGO.  III.  60641 
Send  check  with  order. Inc/ude  postogejextra  returned 

SEND    FOR   G/ANT   SALE   CATALOG/.'/ 

lATE  SPECIALS;  ASSORTED  KELLOGG  RELAYS" 

6/35  vohi    4PDT,6PDT, SPOT, etc.  (reg.  $10  eo. 


SALE 


FOR    $1.99 
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ANTENNA 
HANDBOOK 


»3 


The  VHF  Antenna 
Handbook 

The  VHF  Antenna  Hondbook 
is  your  complete  guide  to 
VHF  and  UHF  antennas.  This 
outstonding  book  is  by  Jim 
Kyle  K5J  KX,  one  of  the  out- 
stonding  technical  authors 
in  the  electronics  field.  The 
VHF  Antenna  Handbook 
covers  complete  theory  ond 
oil  pfQcticql  details  for  every 
type  of  VHF  ond  UHF  on- 
tennas,  A  special  feature  is 
the  commercial  ontenna  ca- 
talog section.  If  you're  in- 
terested in  VHF,  you  should 
hove  this  book. 

Price   IS  %2   from 


TOPICS   COVERED: 
Basic    concepts 
Folded    djpote 
Slot  antenna 
Conical  antenna 
Coaxial    avitenna 
Halo  antenna 
Abe  Lincoln 
Turnstile    antenna 
Ground  plane 

ontenno 
Broadside    phased 

array 
Endfire   phased   array 
Mattress    orroy 
Sterbo   curtain 
ZL    special 

Long  and  short  yogis 
Weeping   willow 
Quad   antenna 
Helix 

Cross  beam 
Circulor  quod 
Transmission    line 

antenna 
Long  wire 
V   antenna 
Rhombic   antenna 
Log    periodic 
Horn    ontenna 
Discone    ontenna 
Corner    reflector 
Trough 
Paroboloid 
Plane    reflector 
Backfire 
Cylindricol 

parabola 
Practicol 

construction 
Mounts 
And  much  more 
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#  Very  difficult  circuit  this  hour. 

*  Next  higher  frequency  may  be  useful  this  hour. 

Good:  2-4,  7-10.  15-20,  27-31 

Fair:  1,  5,  6,  11.  13,  14,  21,  22,  25.  26 

Poor:  12.  23,  24 

VHF  DX:  1,  2,  3,  10,  Tl,  21,  22,  23.  24,  25 
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FIRST  TIME    IN 
*'ONE   PRICE" 


Imagine    7-amp,    16-amp   and   25-c 
price!  Jusi  check  the  proper  amp  and 

n  7-Arrips     D  16-Amps     D 

FRV  Sole      n 

G150     .Si    n 
0  200   \AS  n 

0  250      1.35      n 


Sale 

-45 
.70 


U.S.A.! 
SCRS! 


imp    af   one 
PRV  blocks. 

25 -Amps 

300  1 .75 

400  2 :25 

500  2.50 

600  2.95 


SILICON  POWER  STUD  RECTIFIERS 


pivi 

65* 

1.191 

PJV 

69  < 

1,79 

2.95 


IDd   PIV 

200 

12< 

^^ 

40f 

" 

75 1 

" 

800   PIV 

1000 

45« 

g 

K59 

3 

2.75 

D 

750  MIL  TOP  HAT  AND  EPOXIES 


PIV 

1400 
1600 

isoo 

2000 


FACTORY 
TESTED 


SEMI-KON-DUCTORS 
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□  85  WATT  2N424  PLANAR,  silicon,  TO-53  tipn  j| 
Q  10  2-6Amp  SECT'l,  studs,  Htlicon,  50  In  400V  .  $t 
P  1  IGNITION  SWtTCHrNG  IRANSISTORS.TO-AMP'  $| 
Q  4  2N336NPN  SILICON  trnru^iHtors.  Triinsistruii  $t 
Q    10  ZENERS  REFERENCES    fittici,  n^st  lyiwn  ..».•. -$! 

2N998  rrPE.  1000  GAIN,  nrm  silit-nn.  phmar  .  .$' 
10  MICRODIOOI  STABISTORS.  *^POxy,  silicon  ..$1 
m  6  TRANSITftON  TRANS'TRS,.  2N:M  1,  no  le-st,  npn  $1 
3  2.' bidirectional  TransistofS^  2H\^A\  »-**T.,i,,fT 
H  4  2N170  TRANSISTORS,  hy  tiK..  njm  fnrlfonl  rf  $1 
Z}  6  TRANSISTOR  RADIO  SET,  usc-tfs,  dri%er-pp  ,  .  $1 
J  25  GERMANIUM  1  SILICON  DIODES,  no  teat  .  .  S| 
J  25  TOP  HAT  RECTIFIERS,  ^ih*  an,  ToOma,  no  test  ft 
10  ^JOQO  MC-TN251  GERMANrUM  DIODES  .  .<  -ft 
10  JO-MC  TRANSISTORS,  .silicim,    TQl,^,  no  le^t   $1 

3  — 2N7'05  MESA,  ■'^>''  "n\  3O0  mu%  pnp,  T018  .$1 
2 — eOO  MC,  2N709  NPN  Silicon  pliinnr  TO^  6  ,  ^  $i 
10  PNP  SWITCHING  TRANSISTORS,  2N  ID  4  ,T05  $1 
10  NPN  SWITCHING  TRANSISTORS,  2S:VAH,  440  $\ 
15  PNP  IRANSISTORS,  iK7ZZ,2S:i^jni  no  i*?4t$l 
IS  NPN  TRANSISTORS,  2X3.**.  170.  440.  no  test  $1 
30  TRANSISTORS,  i  f  Jf.iiiitlifj  osr-ifj;.  ni.-i  no  l*M  $| 

4  ~  2N996  PNP  FLANAR5,  IftOVtC,  TOir,  ciisc  || 
4  2N35  TRANSISTORS,  npn*  br  SylvHniii,  T022     $1 

□  10  FAMOUS  CK722  TRANSISTORS,  J*"i'  no  test  ST 
G  5  2NT07  TRANS 'TRS.  hy  ill-:,  r»np,  iinp,  aurf't*  paik  Jl 
D   2  40W    NPN  SILICON  MtSA  ^ni648      .2N1DIH  $1 

□  ^SiZENERS  GLASS  SILICON  DIODES,  po  test  ,  .    $1 

□  5  SLfN  BATTERIES  TO  Wi"  ^i'^-^s^  lite  sonsiuve  J| 

2  2N?18  NPN  SILICON  PIANARS,  by  FnirchtM  ,  |1 
4  2N21  3  TRANSISTORS,  nvix*»r-r»nv,  TU22   -  .  ,  .  $1 

P    10  MrCRODlODE  STABISTORS,  epoxy,  mlicoii  .  .$T 

3  2N70A  500MW,  30DMC  NPN  PLANAR,  TO  if?   .$1 
,10  PHILCO  MAT  HI-FREQ.  T»*$fSTORS,  unteiud,  $1 

n  3   2N2S5  POWER  TRANSISTOR  EQUALS,  T03  ciih^i 

□  2— 500MC,   2N70B  NPN  Silicfiiv  plimur  TO  Mi    ,  ,%\ 

□  3  2N711    300MW.  300  MC,   PNP  MESA,  TOia   -  *$1 
15  lAMP  200V  epoxy  recliriers,  tumle  by  Sylvjiniii$l 

25    **EPOXY''    SILICON    DIODES.    ufi«<?»t^    —  ■  $1 

4  ZENER  REFERENCES,   lNt2l^  G-\iAt,  silicon    .$1 
2  **TINY"  2N1613  2W.  iniLMT.  TO  1 4*  ciise,  npn  $1 

2]  2  500MC  TRANS  TRS,  2\l»iM,  mesit^i.  pnp,  TOls  %\ 
3  1  aSW  SILICON  PWR  TRANSTR.  nr>n,  like  2Nli*  ia$l 
J  3  2-WATT  PLANAR  TRANS'TRS,  2N6SI7.  lOOmc  |T 
4  2N333  NPN  SILICON  iraiisiMors,  hy  UK.    TO.l  ST 


FIELD-EFFECT 


f  acuu m 
Tube 

Equiva- 
lent 
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TRANSISTORS 

LOW  NOISE  $4  99 

WO«TM  $24  I        fXfl*'*'^ 

Li  N-clvannel    with   spec  sheet. 


WORID'S 
MOST  POPULAR 


$1  PARTS  PARS 


IT 
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n 
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D 
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D 
3 

3 
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JO  TUfiUlAR    atCTRdLYirCS,  to*Z500  ml   , ,  51 

INFIA-RtD  PHOTO  DETECTOR  TRANSDUCER    *  -  $1 
INFRA-RED  PARABOLIC  REFLECTOR  &  FILTER     {1 
40  WORLD  S  SMALLEST  COND."   to  .05mf  .  ,.  .H 
4  TRANSISTOR  TRANSFORMERS,  fts«t,  worth  S25  $1 

3  TRAT^SISTOR  AUDIO  AMP.   tiny,   wired  %V 

$25  RELAY  SURPRISE,  st^uled,  types $1 

3  INFRA-RED  DETECTORS,  with  leaiiB   ... .  $T 

$25  SURPRISE  PA(t:  translHtors,  reel,  rfipdea,  eicfl 
40  PRECISION  RESISTORS,  Vs.  1.2W;1  ft  values $1 
30  CORNfNG  *'LOW  NOISE'*  resistors,  asst.  ,  ,$1 
60  TUBULAR  CONDENSERS,  to  .5mf,  to  iKv,  asst  $1 
40  DISC  CONDENSERS,  27mtnf  to  .OSmf  to  IKV  $1 
60  TUBE  SOCKETS,  receptacles,  plujrs,  audio,  etc.  $1 
30  POWER  RESISTORS,  5  to  SOW,  to  24  Knhms.Jl 
50  MICA  CONDENSERS,  to  .Imf,  silvers  tool  . 
10  VOLUME  CONTROLS,  to  1  jnea,  switch  tool 
10"  ELECTROIYTICS,  io  5  00mf,  asatrPA^  tubulars|T 
50  RADIO  &  TV  KNOBS,  usi^td.  colors  &  styles  ,$1 
10  TRANSISTOR  ELECTRQLYTICS:  lOmf  10  5  00mf$r 
50  COILS  £  CHOKES,  d.  rf.  ant,  fwc,  &  more  .%\ 
3S  TWO  WATTERS,  asst  iocl:  A.B,,  5^  tool  .  .  .  $| 
75  HALF  WATTERS,  asst  inch  A.B,,  5  %  Xor*t  .  .$1 
60  HUQ  RESISTORS,  * --  1  -  2W.  I  *7c  &  5  %  values  $1 
IJJ  PHONO  PLUG  A  JACK  SETS,  tuners,  ampa  .  ,%l 

MAGNETEC  REED  SWITCH,   ftla^s  ii^ale4 *$1 

30  *' YELLOW"  MYLAR  CONDENSERS,  asstd  val  $1 
60  CERAMIC  CONDENSERS,  dis^s,  npo*a,  to  .05  $1 

40  -^TINY"   RESISTORS,    1/lflW,   n%    too!    $1. 

10  TRANSISTOR   SOCKETS  for  pnp-npn  transijilors  $1 
30  MOLDED  CO  NO'S,  mylar,  porc^  black  beauty  $1 


II 


NPN  SILICON 
TRANSISTORS 


Simifar  to 

□      2«IS60 

ONLY 

1 4^ 


$ 


10^ 


FOR  OUR    GIAUl  lARGAIN   CATALOG  OH: 
□   Stmicondyctort       □   Poly  Paki       O   forti 


TERMSj    senct    cheek,  lflon«y 

order*  Include  posta^e^ — avij.  wt. 
jM?r  pak  1  It>,  Rated,  net  30  dmyn. 
COD*    2S^fl 

P.O,   BOX  942A 

SO,   LYN FIELD,  MASS, 

"PAK-KiNfi"  OF  rilE  WORLD 
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GO  80^40  Meters 
MOBILE  for  less  than  the 
cost  of  an  average  rig! 


smaller  by  far  than  ANYTHING  in  its  Power  Class-5  "xl  1  Vj'xlO  "! 


P 


Only  WRL  can  make 
an  offer  like  THISf 


Thousands  of  Amateurs  told  us  what 
they  wanted- --Power  to  make  good  contacts 
...a  Selective  Receiver-,. Stability.. -a  unit 
adaptable  for  either  Mobile  or  Fixed  Station 
use.  They  added  that  the  unit  must  be  com- 
pact..and  that  the  price  must  be  right! 

Quite  an  order?  Yes,  it  was  .  .  .  yet  you'll 
find  our  ''Duo-Bander  84'*  not  only  fills 
these  tough  requirements  — but  gives  some 
extras  to  boot! 


Look  at  these  features! 

•  300  Watts  PEP/SSB  •  Rugged 
Belial)le  Printed  Circuitry  •  2  Kc 
Dial  Calibration  •  Dual  Speed 
Vernier  VFO  Tuning  •  EZ  One- 
Knob  Tune-Up  —  Just  Peak  Out- 
put" •  Built-in  Speaker  —  Cim- 
b€*l  Bracket  •  Combination  "S" 
Meter  and  Output  Meter  •  Mc- 
Coy 4-Cr>  stal  Lattice  Filter 


r 
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■r   ----^^ti-^ 
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We  Furnish  Everything  bytfhe  Carl 


WRL  Duo- Bander  84  •  DC  Power 
Supply  •  WRL  3NI  Mike  •  Hy-Gain 
BDYP^  Mount  •  New-Tronics  RSS2 
Spring  •  MO-1  Ma.st  and  40  «c  80 
Meter  Resonators  •  All  plugs 
and   cables    supplied* 


MOBILE  PACKAGE 

PRKE 

ORDER  ZZM078. 


"The  House  the 
Builtt" 
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WORLD  RADIO  LABORATORIES 

3415  West  Broadway  •  Council  BIyHs,   Iowa     Zip  51501 

Please  ship  the  fifllowint*:      (F.O.B*  Council  BlufTs^  Iowa) 

D  ZZM078  Mobile  Package  ^$299.95 

D  Duo-Bander  84- $159.95 

D  Check  or  Mont* y  Order  enclosed    D  Charge  it 

D  Information  on  Duo-Bander  84  to  my  account 

D  Quote  me  on  Attached  Letter 

D  FREE  WRL  1966  Catalog 
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Call 


Address 
City 


State. 


Zip. 
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